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PREFACE. 


Volume  I  of  this  series  of  reports  is  required  by  the  specifica- 
tions of  the  law  of  publication  to  embrace  a  general  and  systematic 
presentation  of  the  geological  structure  of  the  state  and  the  history 
of  its  formation,  together  with  other  matter  whose  preparation  can 
only  be  advantageously  completed  after  all  special  and  detailed 
investigations  have  been  finished.  Certain  portions  of  it  have  been 
for  some  time  ready  for  the  press,  and  the  preparation  of  others 
is  in  an  advanced  condition;  but  the  final  completion  and  publica- 
tion cannot  well  take  place  till  the  three  other  volumes  of  the 
proposed  series  are  finished.  Yolume  II  was  issued  in  the  fall  of 
1877.  A  second  edition  was  ordered  by  the  legislature  which  next 
convened,  and  was  issued  the  following  summer.  '  This  volume 
related  to  the  geology  of  the  eastern,  central  and  southwestern 
portions  of  the  state,  and  was  accompanied  by  an  atlas  of  maps 
covering  the  region  reported  upon. 

The  original  plan  of  publication  contemplated  the  gathering  of 
the  reports  upon  the  western  and  extreme  northern  districts  together 
to  form  the  third  volume.  This  plan  was  followed  until  about 
half  of  the  volume  was  set  up  and  stereotyped,  when  it  was  found 
that  the  satisfactory  completion  of  the  plates  of  fossils  that  were 
to  accompany  the  volume  would  require  considerable  more  time 
than  was  anticipated,  and  that  the  appearance  of  the  volume  would 
be  correspondingly  delayed,  unless  the  work  was  unduly  hastened 
at  the  expense  of  excellence  of  execution.  As  it  was  desirable  that 
the  reports  upon  the  iron  regions  should  appear  as  early  as  possi- 
ble, the  remaining  manuscript  which  was  intended  for  that  volume, 
and  which  related  to  the  iron  and  copper-bearing  series  of  the 
northwestern  part  of  the  state,  was  combined  with  the  report  on  the 
Menominee  iron  region  to  form  the  present  volume,  leaving  the 
one   previously  begun   to  be  completed  by  the  addition  of  other 
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matter,  and  to  constitute  Volume  IV.  This  explains  a  little  irregu- 
larity in  the  numbering  of  the  plates,  some  of  which  had  been 
completed  before  the  change  was  determined  upon.  It  is  thought 
that  this  change,  by  bringing  together  the  reports  on  the  iron  and 
copper-bearing  formations,  may  prove,  on  the  whole,  as  acceptable 
rs  the  original  plan. 

The  atlas  accompanying  this  volume  embraces  maps  of  the  entire 
area  reported  upon,  and  in  addition,  some  territory  that  will  be 
described  in  Volume  IV.  The  sheets  are  numbered  consecutively  with 
those  of  the  atlas  accompanying  Volume  II,  the  hope  being  that  when 
the  series  is  completed,  the  whole  will  be  bound  together. 

As  many  inquiries  have  been  addressed  to  me  concerning  the  best 
method  of  mounting  the  maps  for  use  and  preservation,  it  may  be 
serviceable  to  make  a  few  suggestions  on  that  subject.  It  may  be 
remarked,  at  the  outset,  that  a  different  size  might  have  been  chosen 
but  for  the  requirement  of  the  organic  law  of  the  survey,  that  all  the 
geological  formations  of  the  state  should  be  represented  on  a  single 
map.  The  smallest  scale  upon  which  this  can  be  successfully  accom- 
plished is  15  miles  to  the  inch.  The  sheets  of  the  atlas  have  the  size 
requisite  for  such  a  map,  and  No.  1  of  the  series,  when  completed, 
will  show,  on  the  smallest  practicable  scale,  all  the  rock  formations  of 
the  state.  On  other  maps  of  the  same  scale,  and  having  the  same 
geographical  basis,  it  is  proposed  to  show  the  drift  formations  and 
other  general  features.  In  addition  to  the  advantage  of  having  sheets 
large  enough  to  present  maps  of  the  whole  state  on  an  available  scale, 
the  sectional  areas  on  a  larger  scale  for  the  more  accurate  mapping  of 
the  geological  details  are  fewer  in  number,  and,  in  the  aggregate,  less 
expensive,  and  present  the  formations  in  a  more  connected  manner 
than  would  have  been  possible  had  a  smaller  size  been  adopted.  So 
that,  on  the  whole,  the  size  of  the  atlas,  although  somewhat  inconven- 
iently large,  will  not  be  found  altogether  disadvantageous. 

The  size  of  the  atlas,  however,  mav  be  reduced  one-half  by  binding. 
To  do  this  the  right  and  left  halves  of  the  sheet  should  be  folded 
together  face  to  face  and  fastened  by  strips  or  stubbs  along  the  back. 
As  more  or  less  of  damage  to  the  edges  of  the  sheets  is  incident  to 
the  handling  of  the  atlas  in  distribution,  a  liberal  margin  has  been 
allowed  for  trimming.  If  the  atlas  is  bound  before  the  series  is  com- 
plete, allowance  should  be  wade  for  sheets  that  will  yet  be  added.  Nos. 
I  and  II  of  the  atlas  accompanying  Volume  II  were  purposely  left 
vacant  to  be  supplied  by  the  general  maps  above  mentioned,  which, 
when  completed,  will  most  appropriately  stand  at  the  commencement 
of  the  atlas.    The  number  of  these  may,  however,  be  increased  to  five 
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or  six,  and  it  would  be  prudent  to  leave  the  latter  number  of  stubbs 
vacant  at  the  beginning  of  the  atlas,  and  perhaps  fifteen  at  the  close 
for  sheets  to  be  added  in  connection  with  Volume  IV. 

A  renewed  expression  of  indebtedness  is  due  to  numerous  citizens 
and  corporations  for  their  kindness  in  rendering  aid  in  various  ways 
in  the  prosecution  of  the  work.  In  addition  to  the  more  specific 
acknowledgments  that  have  been  made  in  the  annual  reports  and  in 
other  appropriate  ways,  the  corps  desire  to  tender  this  general  expres- 
sion of  their  appreciation  of  the  numerous  courtesies  of  which  they 
have  been  the  recipients.  It  is  fitting,  also,  to  make  special  mention 
of  such  assistance  as  has  been  directly  contributory  to  this  volume. 
Prof.  Raphael  Pumpelly  not  only  very  generously  examined  the  sur- 
vey collections  of  crystalline  rocks  from  the  copper-bearing  series,  but 
contributed,  without  compensation,  the  report  on  the  lithology  of  these 
rocks  found  in  this  volume.  The  eminence  of  his  authority  on  this 
series  lends  great  value  to  this  report. 

In  like  generous  manner,  Dr.  A.  TVichmann  of  Leipsic  examined 
microscopically  for  Maj\  Brooks  a  large  collection  of  characteristic 
Huronian  rocks  from  the  region  south  of  Lake  Superior  and  contrib- 
uted a  full  report  of  his  results,  which  constitute  Chapter  V  of  Maj. 
Brooks'  report  These  examinations  will  be  found  of  much  interest 
and  value  to  lithologists. 

Some  special  lithological  examinations  of  the  same  specimens  have 
also  been  kindly  made  by  Messrs.  Samuel  Allpert,  Frank  Rutley,  A. 
£•  Tomebohm,  F.  Zirkel  and  Herr  Wapler,  of  Europe,  and  by  Geo.  J. 
Brush,  J.  D.  Dana,  G.  W.  Hawes,  A.  A.  Julien  and  T.  Sterry  Hunt, 
of  this  country,  which  deserve  the  appreciation  of  all  interested  in 
Hnronian — and  indeed  any  series  of  metamorphic — rocks. 

The  leading  contributors  to  the  report  are  Prof.  R  D.  Irving,  who 
prepared  Parts  I  and  III,  Prof.  Pumpelly,  who  contributed  Part  II, 
as  above  stated,  Mr.  C.  E.  "Wright,  who  furnished  Parts  IV  and 
VIII,  Mr.  E.  T.  Sweet,  who  wrote  Part  V,  Maj.  T.  B.  Brooks,  who 
prepared  Part  VII,  and  the  writer,  who  collated  the  observations  of 
the  late  Mr.  Strong,  forming  Part  VI. 

The  larger  portion  of  the  maps  were  drawn  under  the  direction  of 
the  lamented  Prof.  "W.  J.  L.  Nicodemus  and  his  associate.  Prof.  A. 
D.  Conover,  but  several  were  also  executed  by  other  parties,  to  whom 
dno  acknowledgment  is  made  elsewhere. 

The  chemical  analyses  are  duly  accredited  wherever  quoted  in  the 
report.  Mr.  I.  M.  Buell  has  rendered  valuable  assistance  in  proof 
reading  and  indexing.  Mr.  F.  J.  Knight  has  read  the  proof  of  Maj. 
Brooks'  report. 
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The  printing  has  been  done  by  David  Atwood,  of  Madison.  The 
Hthographical  work  by  Messrs.  Seifert  &  Shoeffel,  of  Milwaukee,  and 
the  wood  cuts  by  Messrs.  Marr  &  Eichards,  of  Milwaukee;  all  Wis- 
consin firms.    Their  work  speaks  for  itself. 

T.  C.  0. 

BELorr,  October  29, 1879. 
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CHAPTER  HL- MINERAL  COMPOSITION,  TRANSITIONS   AND  ASSOCLA.- 
TIONS  OF  THE  MENOMINEE  ROCKS. 

1.  Iron-orb  Rocks, 500 

Subdivisions. 

Diagram  of  their  Transitions  into  each  other  and  into  Associated  Rocks. 

Transitions  in  Beds  XIII  and  XII,  Marquette  Region. 

Distribution  of  Iron-ore  in  L.  S.  Region. 

A.  Magnetites  and  Magnetic  Quartzose  and  Amphibole  Rocks. 

B.  Specular  Hematites,  Martites  and  Siliceous  Jaspery  Argillaceous  Hematitic 

Rocks. 
Commonwealth  Mine. 
Eagle  Mine. 

C.  limonitic  Quartzose  Rocks,  often  contaming  Turgite,  Hematite  and  Man- 


QUARTZITE  Aim  QUARTZ-SCHIST,        --------507 

Diagram  of  Transitions  into  Associated  blocks.  . 

A.  True  Quartzites. 

B.  Micaceous  Quartz  Schist. 

C.  Micaceous  Conglomerate  Schist  and  Quartz  Conglomerate. 

D.  Chloritic  Quartz  Schist. 

E.  Friable  Quartzite  or  Sandstone. 

F.  Saccharoidal  Quartz-schist. 

G.  Jasper,  Chert,  Homstone  and  Related  Siliceous  Schists. 

LncESTOinB, 511 

A.  Crystalline. 

B.  Siliceous, 
a  Micaceous. 

D.  Argillaceous  and  Conglomeritic 
Vol.  m.-B 
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Siliceous. 

5.  Clay  Slate  and  Argillaceous  Schist,       -.•---      t>12 

Division  into  Three  Groups. 

Diagram  of  Transitions  into  Associated  Rocka. 

A.  Clay  Slate  with  Oblique  Qeava^  (Roofing). 

B.  Clay  Slate  without  Oblique  Cleavage. 

a.  Chloritic  Clay  Slate. 
6.  Pyritiferous  Clay  Slate. 

c.  Micaceous  Clay  Slate  (Phyllite). 

d.  Ciirbonaceous  Clay  Slate. 

e.  Ferruginous  Clay  Slate. 
/.  Siliceous  Clay  Slate. 

C.  (Ferruginous)  Argillaceous  Schi8\ 

6.  Tatx  Schist  (very  rare), 

•  516 

7.  Chloritic  Schist, 

Diagram  of  Transitions  into  Associated  Rocks. 

A.  Pseudomorphous  Chloritic-schist.  , 

B.  Variety  allied  to  Hornblende  and  Mica  Schists. 

C.  Argillaceous  Chloritic  Schist. 

D.  Variety  allied  to  Greenstone 

8.  Greenstones, --518 

Remarks  on  the  Use  of  the  Name  **  Greenstone." 
Diagram  of  Transitions  into  Associated  Rocks. 

A.  Diabase. 

B.  Diorite. 

C.  Gabbro. 

D.  Kereantite. 

9.  Syenite, ^23 

10.  Hornblendic  Rocks, ^23 

Varieties. 

11.  Actinolite-Schist,       ....-•---•  625 

A.  Typical. 

B.  Magnetic. 

12.  Tremolite-Schist,  ^26 

13.  Garnetiperous  Rocks,  --  526 

14.  Mica-Schist, ^26 

A.  Typical- 

B.  Gneissic. 

C.  Resembling  Chlorite. 

D.  Unctuous-feeling. 

E.  Argillaceous. 

F.  Gametiferous  and  Magnetic. 

G.  PhyUite. 

15.  Hydromica-Schist, ^28 


Digitized  by 


Google 


TABLE  OP  CONTENTS. 


XIX 


Paqk. 

16.  Giisiss, 530 

A.  Mica  Gneiss.  ^ 

B.  Hornblende  Gneiss. 
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GEOLOGY  OF  THE  MENOMINEE  IRON  REGION  (ECONOMC  RE- 
SOURCES, LITHOLOGY  AND  WESTERLY  AND  SOUTHERLY 
EXTENSION). 

BY  CHARLES  E.  WRIGHT. 

Letter  op  Transmittal  —  Acknowledoments, 666 
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netie  Attractions ^Im^rtuice  and  Significance  —  Belt  Traversing  Sees.  8,  5  and 
6,  T.  39,  R.  17  E.,  and  Sees.  36,  35  and  27,  T.  40,  R.  16  E.  —Other  Belte  in  T.  40, 
R.  17  E.  —  Attractions  in  S.  J^  of  Sec.  25  —  Belt  in  Sees.  9  and  10  —  Extension  of 
Eagle  Mine  Range  —  Brulfe  Range  —  Prospects  of  the  Wisconsin  Ranges  —  Facil- 
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INTRODUCTION. 


In  the  preceding  volume  —  the  only  one  previously  issued  in 
connection  with  the  present  survey  —  the  eastern,  centra]  and  south- 
western portions  of  the  state  received  consideration.  The  forma- 
tions there  brought  under  review  were  mainly  the  limestones, 
sandstones  and  shales  of  the  Paleozoic  scries;  though  the  quartzites, 
porphyries  and  granites  of  central  Wisconsin  were  important  sub- 
jects of  discussion.  It  was  originally  planned  that  the  neighboring 
Paleozoic  area,  which  lies  adjacent  to  the  upper  Mississippi,  together 
with  the  description  of  fossils  and  the  crystalline  formations  of  the 
northwestern  part  of  the  state,  should  constitute  the  subject-matter 
of  Volume  III.  But  practical  obstacles  intervening,  the  arrange- 
ment of  matter  found  in  this  volume  was  adopted  instead.  While 
less  consecutive  geographically,  the  present  collocation  possesses 
greater  geological  unity  and  practical  convenience.  The  Huronian, 
or  Iron-bearing  series,  and  the  Keweenawan,  or  Copper-bearing 
series,  constitute  the  central  subjects  of  study.  The  adjacent  and 
underlying  Laurentian  rocks,  because  of  their  close  relations  to 
these  formations,  receive  passing  attention,  and  the  overlying 
Silurian  strata  and  the  still  more  recent  drift  deposits  are  discussed, 
so  far  as  they  are  included  in  the  regions  described;  but  these 
subjects  are  little  more  than  accessory  to  the  central  themes  of  the 
volume,  the  two  great  metalliferous  formations.  The  deep  practical 
interest  that  attaches  to  these  formations  will,  it  is  hoped,  be  best 
subserved  by  gathering  into  a  single  volume  the  several  discussions 
relating  to  them;  while  the  scientific  study  of  the  formations  and 
of  the  problems  that  arise  concerning  them  will  likewise  be  facili- 
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INTRODUCTION.  xxxi 

tated  by  the  close  grouping  and  simultaneous  presentation  here 
afforded. 

The  areas  embraced  are  the  extreme  northwestern  and  northeastern 
portions  of  the  state.  The  former  constitutes  a  considerable  area 
bordered  by  Lake  Superior  on  the  north  and  Minnesota  on  the  west, 
and  included  mainly  within  the  counties  of  Ashland,  Bayfield,  Doug- 
las, Burnett  and  Polk.  The  latter  is  a  more  limited  area  in  what, 
until  recently,  has  been  the  northern  part  of  Oconto  county,  but  now 
belongs,  in  part,  to  the  recently  formed  counties  of  Marinette  and 
New. 

The  former  region  was  investigated  by  Messrs.  Irving,  Sweet, 
Wright  and  the  lamented  Strong;  the  latter  by  Messrs.  Brooks  and 
Wright.  Such  field  investigations  as  have  been  made  by  myself  in 
the  several  districts  have  been  merged  with  those  of  my  associates. 
The  special  field  examined  by  Prof.  Irving  is  embraced  in  Ashland 
and  eastern  Douglas  counties;  that  of  Mr.  Sweet,  in  western  Bayfield 
and  Douglas  counties;  that  of  Mr.  Strong,  mainly  in  Polk  and 
Burnett  counties,  while  Mr.  Wright  made  a  special  examination  of 
the  Penokee  Eange  westward  from  the  Gap  to  its  termination.  In 
the  northeast.  Major  Brooks  investigated  the  region  adjacent  to  the 
upper  Menominee  and  lower  Pine  and  Brulfe  rivers,  as  far  west  as 
the  middle  of  Town  17  E.  Mr.  Wright,  in  addition  to  association 
with  Major  Brooks  in  the  survey  of  this  area,  reconnoitered  the 
adjacent  territory  to  the  west  and  south.  The  precise  limits  and 
relations  of  these  districts  may  be  best  seen  by  consulting  the 
accompanying  sketch  map. 

The  order  of  arrangement  of  the  several  reports  upon  these  dis- 
tricts is  thought  to  be  such  as  best  to  present  the  whole  subject- 
matter.  The  district  of  Prof.  Irving  embraces  representatives  of  all 
the  great  formations  described  in  the  volume,  and  these,  furthermore, 
in  their  simplest  form  and  relations.  His  report,  therefore,  best 
introduces  the  reader  to  the  salient  characteristics  of  the  whole 
geological  series  treated  in  the  volume,  and  so  it  most  appropriately 
stands  at  the  beginning.  The  other  reports  follow  in  the  order 
which    their    geological  and    geographical    relationships    seem    to 
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demand.     This   order  has  obvionsly  no  reference  to   the  inherent 
merit  or  interest  of  the  several  reports. 

It  had  been  the  purpose  of  "the  writer  to  briefly  discuss  some  gen- 
eral questions  relating  to  the  subjects  embraced  in  the  report,  but 
the  size  to  which  the  volume  has  already  grown  compels  its  post- 
ponement T.  C.  C. 
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It  is  proposed  to  give  here  a  brief  account  of  the  main  features  of 
the  rock  structure  of  that  part  of  Wisconsin  which  borders  on  Lake 
Superior,  as  determined  by  the  labors  of  those  members  of  the  geological 
corps  who  have  made  examinations  in  that  region.  The  writer  having 
advanced,  at  the  close  of  the  first  field  season  of  the  survey,  a  theory  of 
the  structure  of  this  region  which  has  in  its  essentials  stood  tlie  test  of 
all  later  investigations  by  himself  and  others,  it  is  thought  not  improper 
that  the  task  of  making  the  following  summary  should  be  assigned  him, 
although  his  own  examinations  have  embraced  the  northeastern  portion 
only  of  the  district  in  question.  He  had  at  one  time  designed  to  give, 
in  this  connection,  a  resume  of  the  results  obtained  in  the  Lake  Supe- 
rior country  by  other  geologists  up  to  the  present  time,  and  to  offer 
some  generalizations  with  regard  to  the  structure  of  the  whole  Lake 
Superior  trough,  and  the  origin  of  the  formations  included  in  it.  Fur- 
ther study,  however,  of  his  own  results,  and  of  the  reports  of  others,  has 
convinced  him,  both  that  such  an  attempt  would  be  premature,  and  that, 
from  want  of  personal  acquaintance  with  different  parts  of  the  region, 
he  is  not  in  a  position  to  raise  such  generalizations  sufficiently  above 
the  grade  of  speculation  to  allow  of  their  introduction  into  a  report  of 
this  character. 

There  is  no  other  region  of  equal  area  in'  North  America,  east  of  the 
great  cordilleras,  that  surpasses  this  in  geological  interest,  whether  we 
consider  the  magnitude  of  the  formations  involved,  the  difficulties  in 
the  problems  offered  for  solution,  or  the  unique  character  of  one  of  its 
great  rock  systems.  Moreover,  there  is  none  which  has  been  so  in- 
adequately studied.  We  have  here,  in  a  region  some  seventy  thousand 
square  miles  in  area,  to  deal  with  a  series  of  strata  measuring  probably 
over  one  hundred  thousand  feet  in  thickness,  and  including  four  great 
systems,  each  unconformable  with  regard  to  its  predecessor;  besides 
which  there  is  an  extraordinary  development  of  the  Quaternary  de- 
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posits — both  of  the  glacial  drift  and  of  the  more  recent  lacustrine  sedi- 
ments. Of  the  four  great  systems  alluded  to,  the  Laurentian,  Huronian, 
Keweenawan,  and  Lower  Silurian,  much  the  greater  part  is  made  up  of 
crystalline  rocks  of  very  many  different  kinds.  From  the  comparative 
newness  of  the  microscopic  method  of  investigation,  it  follows  that  the 
nature  of  these  rocks,  often  too  fine-grained  for  macroscopic  study,  is 
only  partially  known.  The  Keweenawan  series,  alone,  includes  many 
miles  in  thickness  of  immense  flows,  each  comparatively  thin,  of 
eruptive  rocks,  which  the  earlier  geologists  were  content  to  know  as 
"  trap."  These  extraordinary  beds,  the  earliest  true  and  extended  flows 
of  once  molten  rocks  of  which  we  have  any  knowledge,  have  recently 
been  studied,  both  stratigraphically  and  microscopically,  by  Professor 
Pumpelly,  to  whose  admirable  work  we  are  indebted  for  a  great  ad- 
vance in  our  knowledge  with  regard  to  them.  When  such  detailed 
work  as  his,  and  that  of  other  members  of  the  Michigan  survey,  shall 
have  been  extended  over  the  whole  Lake  Superior  trough,  we  may  hope 
for  some  satisfactory  generalizations.  There  is  no  region  in  the  United 
States  which  stands  more  in  need  of  minutely  detailed  work,  and  none 
where  such  work  meets  so  great  difficulties  as  are  here  encountered. 
For  the  most  part  it  is  unbroken  wilderness,  and  is  everywhere  covered 
with  the  densest  of  evergreen  forests,  traveling  in  which  is  to  the  last 
degree  difficult,  and  in  which  no  estimates  as  to  distances  and  relative 
positions  of  ledges  can  be  at  all  relied  upon. 

Theories  enough  have  been  advanced  with  regard  to  the  origin  and 
age  of  the  Lake  Superior  formations,  and  the  structure  of  the  trough, 
not  a  few  of  which  have  crept  into  the  text-books  and  other  standard 
works.  Most  of  these  are  but  hasty  generalizations,  and  the  best  of 
them  are  influenced  by  that  extraordinary  system  of  geological  dynamics, 
so  prevalent  a  few  decades  ago,  which  regarded  all  massive  rocks,  in- 
cluding even  quartzite — and  sometimes  even  Landstone  —  as  intrusive, 
and  looked  upon  all  dislocations  and  metamorphism,  even  where  regional, 
and  affecting  strata  thousands  of  feet  in  thickness,  as  but  the  natural 
results  of  the  "outbursts  "  of  "trap."  These  outbursts,  so  far  as  I  can 
understand  the  idea,  were  often  of  already  solidified  rock,  in  whose 
passage  to  the  surface  were  formed  by  "  friction "  the  great  conglom- 
erate beds  of  the  region,  and  by  whose  protrusion  sediments  thousands 
of  feet  in  thickness  were  tilted  on  end  and  pushed  miles  to  one  side  or 
the  other.  Such  crude  and  bold  conceptions  do  not  stand  in  the  light 
of  the  present  day ;  still,  though  we  can  point  with  confidence  to  the 
true  explanation  of  some  of  the  phenomena  of  the  Lake  Superior  coun- 
try, there  remains  much,  very  much,  for  the  explanation  of  which  we 
must  be  content  to  wait  for  the  extension  of  minute  investigation. 
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In  a  former  volnme^  of  this  report,  I  have  shown  liow  tlie  Silurian 
limestone  and  sandstone  formations  of  the  southern,  eastern  and  western 
portions  of  Wisconsin  curve  concentrically  around  three  sides  of  the 
Laurentian  nucleus  of  the  northern  part  of  the  state.  On  the  northern 
or  Lake  Superior  side,  however,  we  find  an  altogether  different  struc- 
ture; and  it  is  evident  at  once  that  the  Laurentian  nucleus  has  consti- 
tuted a  barrier  between  the  Lake  Superior  and  Mississippi  valley  regions 
since  pre-Silurian  times. 

Laurentian  System.  The  rocks  of  the  crystalline  nucleus  itself  are 
referred  to  the  Laurentian  of  Canada,  because  (1)  they  sustain  precisely 
the  same  structural  relations  to  the  Huronian,  Keweenawan,  and  Lower 
Silurian,  as  observed  in  the  case  of  the  typical  Laurentian  of  Canada, 
and  (2)  because  they  have  the  same  general  lithological  peculiarities 
that  characterize  the  Canada  series.  There  can,  indeed,  be  no  reason- 
able doubt  that  they  are  directly  continuous  with  the  Canada  Lauren- 
tian. They  extend  to  the  shores  of  Lake  Superior  in  the  vicinity  of 
Marquette,  Michigan,  and  appear  again  on  the  eastern  or  Canada  shore 
of  the  lake.  The  separation  between  the  Wisconsin  Laurentian  and 
that  of  Canada  is  therefore  only  a  superficial  one,  the  connection  being 
concealed  by  the  waters  of  the  lake,  and  by  the  overlying  Silurian 
depositions  in  the  eastern  extension  of  the  upper  peninsula  of  Mich- 
igan. 

In  Wisconsin,  the  northern  limit  of  the  Laurentian  approaches  most 
nearly  to  Lake  Superior  on  the  Montreal  river,  which  is  here  the  state 
boundary  —  the  distance  to  the  lake  shore  in  a  direct  line  being  only 
thirteen  miles.  From  the  Montreal  river  the  northern  limit  trends 
about  southwest-by-west,  and  on  Bad  river,  twenty-five  miles  further 
west,  it  is  twenty-five  miles  from  the  lake.  From  Bad  river  the  course 
is  in  general  but  little  south  of  west,  to  Numakagon  lake,  T.  44,  R  6  W. 
Here  a  rapid  change  to  a  more  southerly  diroction  comes  in,  and  we 
find  ourselves  following  the  western  side  of  the  Laurentian  nucleus, 
soon  to  be  bounded  by  the  regular  Mississippi  valley  formations.  The 
Bouthem  rim  of  the  Lake  Superior  trough,  at  an  elevation  of  one 
thousand  to  eleven  hundred  feet  above  the  lake,  lies  but  a  few  miles 
south  of  the  northern  boundary  of  the  Laurentian  area,  for  about  fifty 
miles  westward  from  the  Montreal,  after  which  it  passes  on  to  the  more 
northerly  and  newer  formations. 

The  rocks  of  the  Laurentian  nucleus  have  already  been  partly  de- 
scribed in  former  reports.  Where  they  approach  Lake  Superior  they 
are  almost  wholly  gneiss  and  granite.     The  prevailing  rock  along  the 
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northern  border  is  a  dark  gray  to  black,  often  gioeaifih-blaek,  horn- 
blende-gneiss, in  which  the  hornblende  has  usually  been  more  or  )m^ 
completely  altered  to  chlorite.  This  alteration,  when  carried  to  any 
considerable  extent,  gives  a  greenish  tinge  and  greasy  feeling  to  the  rock, 
and,  in  cases  of  extreme  alteration,  there  is  a  passage  to  a  green  chlori tic- 
schist.  The  associated  granites  are  usually  lip;ht  pinkish-tinted  to 
gray,  and  highly  quartzose,  a  frequent  gneissoid  tendency  showing  their 
sedimentary  nature.  These  rocks  have  a  nearly  due  E.-W.  strike,  and, 
near  the  northern  border,  a  high  southerly  dip.  They  are,  however, 
beyond  question  greatly  folded,  and  have  as  certainly  an  enormous 
thickness. 

Hnronian  System.  Lying  immediately  against  the  Lauren tian, 
and  very  sharply  defined  from  it,  we  find,  extending  from  the  Montreal 
river  westward  for  fifty  miles  to  Lake  Numakagon,  a  belt  of  schistose 
rocks  which  we  refer  unhesitatingly  to  the  Canada  Huronian,  and  which 
are  beyond  question  the  direct  westward  extension  of  the  iron-bear- 
ing series  of  the  upper  peninsula  of  Michigan.  This  belt  has  a 
width,  in  general,  of  from  one  and  a  half  to  two  and  a  half  miles,  and 
includes  an  aggregate  thickness  of  strata  of  nearly  13,000  feet,  with  a 
number  of  well  marked  subdivisions,  several  of  which  are  persistent 
throughout  the  entire  length  of  the  belt.  These  subdivisions  may  be 
briefly  summarized  as  follows,  beginning  below:  (1)  crystalline  trem- 
olitic  limestone,  at  times  overlaid  by  a  band  of  white  arenaceous  quartz- 
ite,  and  at  times  absent,  the  next  formation  above  then  coming  into 
contact  with  the  Lauren tian,  130  feet;  (2)  straw-colored  to  greenish 
quartz-schist,  and  argillitlc  mica-schist,  often  novaculite,  410  feet; 
(3)  tremolitic  magnetite-schists,  magnetitic  and  specular  quartzites,  lean 
magnetic  and  specular  ores —  forming  the  "  Penokee  Iron  Eange,"  780 
feet;  (4)  alternations  of  black  mica-slates  with  diorite  and  schistose 
quartzites,  and  unfilled  gaps,  3495  feet;  (5)  medium-grained  to  apha- 
nitic,  dark  gray  mica-schists,  with  coarse  intrusive  granite,  7,985  feet  — 
in  all  12,800  feet.  These  rocks  all  dip  to  the  northward,  the  angle 
being  usually  high,  but  lessening  towards  the  west,  and  trend  with  the 
course  of  the  belt,  which  has  numerous  minor  corrugations,  while  pre- 
serving one  general  direction.  The  strike-directions  are  always  oblique 
to  the  trends  of  the  underlying  Laurentian  gneiss,  proving  the  uncon- 
formability  of  the  two  systems,  the  actual  contact  of  which  may  indeed 
be  seen  in  several  places. 

Westward  from  Lake  Nnniakagon  the  Huronian  belt  is  lost  sight  of, 
the  Laurentian  gneiss  and  Keweenawan  gabbro  and  diabase  coming 
apparently  into  direct  contact  with  each  other. 

The  reference  of  the  schistose  series  of  the  Penokee  region  to  the 
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Huronian  is  justified  by  the  following  considerations:  (1)  there  ap. 
pears  to  be  a  direct  continuation  with  the  iron-bearing  system  of  the 
Marquette  region  of  Michigan;  (2)  as  shown  on  a  subsequent  page,  the 
grand  subdivisions  of  the  Bad  river  and  Marquette  systems  are  strik- 
ingly similar;  (3)  the  Bad  river  and  Marquette  systems  both  show  the 
same  relation  to  the  Laurentian  and  Keweenawan  systems  as  found  in 
the  Huronian  of  Canada;  i.  e.,  are  newer  than  the  former  and  older 
than  the  latter;  (4)  the  Marquette  system  is  found  in  unconformable 
contact  with  the  Lower  Silurian  red  sandstone  of  Lake  Superior.  The 
Marquette  Huronian,  in  its  southerly  extension  in  the  Menomenee  re- 
gion, is  also  found  in  unconformable  contact  with  the  fossiliferous 
primordial  sandstone  of  the  Mississippi  valley,  a  fact  which,  even  if  the 
evidence  were  not  amply  sufficient  without,  would  demonstrate  the 
futility  of  the  attempts  made  by  some  to  refer  the  whole  series  of  Lake 
Superior  crystalline  rocks  to  the  Silurian. 

Keweenawan  System.  This  remarkable  series  of  rocks,  peculiar  to 
the  Lake  Superior  basin,  covers  much  the  greater  part  of  the  region 
under  consideration,  having  in  Wisconsin  alone  an  area  of  not  far  from 
ten  thousand  square  miles.  It  is  a  distinctly  stratified  system,  but  is 
in  large  measure  made  up  of  eruptive  rocks,  in  the  form  of  great  flows. 
These  appear  to  constitute  in  Wisconsin  the  lower  ten  thousand  to 
thirty  thousand  feet  of  the  system,  apparently  without  interstratified 
detrital  beds.  Above  these  we  find  the  detrital  beds  increasing  in  fre- 
quency, until  they  seem  to  exclude  the  igneous  rocks  altogether;  the 
upper  portions  for  some  fifteen  thousand  feet  being  apparently  com- 
posed wholly  of  sandstone  and  shale,  with  a  heavy  mass  of  conglom- 
erate at  the  base. 

There  are  two  prominent  belts  of  these  rocks  in  northern  Wisconsin^ 
lying  parallel  to  each  other,  and  having  between  them  a  true  synclinal 
depression.  One  of  these  crosses  into  Wisconsin  at  the  Montreal  river, 
and  trends  thence  west-south-west  entirely  across  the  state,  broadening 
greatly  in  its  more  western  portions.  Along  the  whole  course  of  this 
belt  the  rocks  dip  to  the  north,  the  angle  lessening  steadily  from  verti- 
cality  on  the  Montreal  river,  nearly  to  horizontality  on  the  St.  Croix. 
The  eruptive  members  lie  to  the  southward,  the  fragmental  to  the 
north.  The  second  belt  forms  the  back-bone  of  the  Bayfield  peninsula, 
and  extends  westward  to  the  Minnesota  line,  where  it  has  its  greatest 
breadth.  The  rocks  of  this  belt  never  seem  to  have  so  high  a  dip 
as  observed  on  those  of  the  southern  one,  but  the  same  lessening  in 
angle  to  the  westward  is  observed.  The  rocks  here  are  in  reverse  order, 
the  eruptive  to  the  north,  the  detrital  to  the  south.  Topographically, 
the  Chaquamegon  bay  depression,  with  its  encircling  horizontal  sand 
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stones,  lies  between  the  two  ridges  of  Keweenawan  rocks;  it  does  not, 
however,  occupy  the  middle  of  the  synclinal,  being  carved  out  alto- 
gether in  the  southward-dipping  beds.  The  north  and  south  belts 
would  seem,  therefore,  to  come  in  fact  together,  without  any  overlying 
formation  in  the  trough. 

The  eruptive  rocks  of  this  series  are  chiefly  of  the  augite-plagioclase 
kind,  containing  hornblende  only  in  unusual  varieties,  and  then  always 
as  a  paramorphic  product  of  the  augite.  There  is  thus  presented  a 
marked  contrast  with  both  massive  and  schistose  rocks  of  the  Huronian 
system,  in  which  amphibole  in  some  form  is  a  very  common  primary 
ingredient.  The  three  varieties  of  the  augite-plagioclase  rocks  of  the 
Keweenawan  series,  named  in  order  of  relative  abundance,  are  diabase, 
melaphyr  and  gabbro.^  Tliese  differ  from  each  other  only  in  minor 
particulars,  the  molaphyr  retaining  some  glass-base,  or  an  alteration 
product  from  it,  and  the  gabbro  having  the  augite  in  a  foliated  condi- 
tion. In  fact,these  distinctions  ai'e  not  sharp,  still  there  are  important 
microscopic  differences  between  the  three  kinds,  peculiar  to  the  Kewee- 
nawan series,  which  generally  enable  us  to  distinguish  them  at  once. 
This  is  especially  true  of  the  gabbro,  as  compared  with  the  diabase  and 
melaphyr. 

Tlie  characteristics  of  both  the  diabase  and  the  melaphyr  are  de- 
scribed in  detail  by  Prof.  Pumpelly  in  another  part  of  this  volume. 
Ilis  descriptions  apply  especially  to  these  rocks  as  developed  in  the 
typical  region  of  Keweenaw  Point.  As  he  says,  however,  after  exam- 
ining a  set  of  specimens  from  Wisconsin,  they  are  applicable  as  well 
to  the  Wisconsin  rocks.  It  is  only  necessary  to  quote,  in  the  present 
connection,  a  few  of  the  most  important  points. 

The  ordinary  diabase,  which  is  many  times  the  most  abundant  of  the 
three  kinds,  varies  from  almost  black  to  dark  green  or  brown,  and  even 
bright  red,  or  is  made  up  of  a  minute  mixture  of  these  colors,  which 
are  due  to  varying  proportions  of  chlorite  and  ferric  oxide,  both  decom- 
position products  of  the  augite.  The  texture  is  fine-grained  to  apha- 
nitic,  the  latter  being  much  the  most  common,  and  the  fracture  even  to 
chonchoidal.  One  of  the  most  interesting  fact^  about  these  rocks  is 
their  occurrence  in  distinct  beds,  each  marking  a  great  molten  over- 
flow, which  are  distinguishable  from  each  other  by  the  common  occur- 
rence of  three  subdivisions  in  each  flow,  besides  at  times  by  minute 
shades  of  difference  in  aspect.  The  upper  portion  of  each  bed  is  a  true 
amygdaloid,  in  which  the  originally  smooth-surfaced  gas  cavities  are 
now  filled  with  amygdules  of  caleite,  clilorite,  epidote,  quartz,  prehnite, 


'  Following  the  nomendatore  of  H.  Rosenbosch. 
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laumontite,  copper  and  orthoclase,  or  their  decomposition  products. 
These  portions  evidently  represent  the  upper  vesicular  parts  of  the  lava 
flows.     The  lower,  and  usually  much  the  larger  portion  of  each  flow,  is 
massive,  without  amygdules,  and,  in  Wisconsin  at  least,  very  frequently 
possessed  of  a  marked  columnar  structure.     Between  the  amygdaloidal 
and  compact  portions  there  is  commonly  a  zone  grading  in  both  direc- 
tions, in  which  many  of  the  same  minerals  as  found  in  the  true  amyg- 
daloids  occur  in  an  apparently  amygdaloidal  condition.     In  this  rock, 
however,  to  which  Prof.  Pumpelly  has  given  the  name  of  pseudo- 
amygdaloid,  these  minerals  are  seen,  under  the  microscope,  to  occupy 
the  positions  of  primary  constituents,  whose  alteration-products  they 
are.     Both  the  true  amygdaloids  and  the  pseudo-amygdaloids  tend  to 
an  extreme  degree  of  alteration,  when  they  become  irregular  mixtures 
of  quartz,  epidote,  calcite  and  prehnite,  or,  more  commonly  in  Wiscon- 
sin, of  laumontite  and  calcite,  patches  of  the  original  amygdaloid  fre- 
quently remaining  interspersed  in  the  most  irregular  manner.    The 
green  and  white  bands  frequently  met  with  in  Douglas  county  belong 
to  the  former  kind,  while    the  still  more  common  pinkish  bands  are 
those  that  have  undergone  the  laumontitic  decay.    Under  the  micro- 
scope, tlie  primary  constituents  of  these  rocks  are  seen  to  be  plagioclase, 
augite  and  magnetite  or  titanic  iron.     The  plagioclase  crystals,  which 
are  usually  near  oligoclase,  are  the  older,  and  the  intervening  spaces 
are  occupied  by  the  augite. 

A  second  and  less  common  variety  of  diabase,  described  by  Prof. 
Pumpelly  as  the  "  Ashbed  type,"  is  also  well  represented  in  Wisconsin. 
In  this,  which,  in  the  Wisconsin  varieties,  is  dark  gray  to  black,  and 
very  compact,  having  a  strongly  marked  conchoidal  fracture,  the  augite 
occupies  a  suboixiinate  position,  occurring  in  minute  grains,  whose 
contours  are  not  determined  by  the  feldspar  crystals. 

The  melaphyrs  are  less  abundant  in  Wisconsin,  and  we  may  pass 
them  over  more  rapidly.  They  are  described  by  Prof.  Pumpelly  as 
identical  with  the  rock  known  as  "  The  Greenstone,"  on  Keweenaw 
Point,  where  it  forms  a  long  and  bold  ridge,  with  a  steep  southern  face. 
It  is  a  dark  greenish  to  greenish-black,  minutely  crystalline,  compact 
rock,  characterized  by  peculiar  surfaces  of  reflection,  which,  on  close 
inspection,  appear  to  be  of  the  same  composite  character  as  the  sur- 
rounding matrix.  These  are  seen,  under  the  microscope,  to  be  due  to 
the  inclusion  within  large  crystals  of  augite,  of  hundreds  of  the  feldspar 
crj'stals.  The  same  peculiar  structure  causes  a  weathering  of  the  rock 
into  knobs  representing  the  pyroxene  individuals.  The  primary 
constituents  are  plagioclase,  pyroxene,  olivine,  magnetite  and  the  glass- 
base.    The  plagioclase  is  near  anorthite,  and  the  olivine  and  glass- 
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base  are  usually  altered.  This  alteration,  since  the  olivine  is  mostly 
crowded  into  the  spaces  between  the  large  pyroxenes,  has  produced  a 
mottling  of  dark  green  and  dark  brown,  the  former  corresponding  to 
the  pyroxene  crystals,  and  the  latter  to  the  intervening  olivine- bearing 
spaces.  The  brown  color  is  due  to  the  peroxidation  of  the  iron  of  the 
olivine.  The  melaphyr  does  not,  according  to  Pumpelly,  commonly 
have  the  amygdaloidal  and  pseudo-amygdaloidal  portions  that  charac- 
terize  the  diabase.  Like  the  diabase,  it  is  prone  to  extreme  stages  of 
alteration.  These  alterations  have  been  traced  out  in  detail  by  Pum- 
pelly in  his  paper  on  the  "  Metasomatic  Development  of  the  Copper 
Bearing  Rocks  of  Lake  Superior.'* 

In  the  Keweenaw  Point  region  gabbros  are  rare,  and  not  very  sharp- 
ly defined  from  the  other  rocks.  They  have,  consequently,  received  but 
little  attention  in  Professor  Pumpelly's  descriptions.  In  the  Bad  river 
country  of  Wisconsin,  however,  there  is  a  great  development  of  gabbro 
at  the  base  of  the  Keweenawan  system,  and  other  gabbros  occur  in  the 
north  belt  in  Douglas  county.  My  own  investigations  show  that 
there  are  two  well  marked  varieties  of  these  gabbros,  the  most  com- 
mon of  which  is  light  to  dark  gray,  perfectly  crystalline,  and  usually 
of  a  very  coarse-grained  texture.  The  plagioclase  in  this  rock  is 
commonly  labradorite,  and  occurs  in  perfectly  defined  and  generally 
very  fresh  crystals,  the  linearly  bounded  spaces  between  which,  in  the 
tliin  section,  are  filled  by  the  augitic  ingredient  Generally  a  number 
of  the  augitic  areas  are  seen  to  be  crystallographically  identical.  In 
structure  the  augite  shows  every  gradation  from  that  of  true  diallage  to 
that  of  common  augite.  Olivine  is  present  in  many  varieties,  often  in 
large  quantity,  and  is  often  macroscopically  visible.  It.  at  times  under- 
goes a  peculiar  alteration,  but,  as  a  rule,  is,  for  olivine,  extraordinar- 
ily free  from  decay.  Magnetite  is  the  other  constant  primary  ingre- 
dient. Hornblende-bearing  phases  of  this  variety  of  the  gabbro  occur, 
the  thin  sections  of  which  show  at  times  a  deep  brown  basaltic  horn- 
blende, and  at  others,  and  this  is  more  common,  the  greenish  kind. 
The  latter  is  certainly  always,  and  the  former  as  certainly  in  most  cases, 
only  a  paramorphic  product  of  the  augite. 

The  second  variety  of  the  gabbro  is  a  very  coarse-grained,  red-and- 
black-mottled,  or  red-and-gray-mottled  rock,  in  which  the  plagioclase 
is  always  altered  in  a  saussurite  direction,  having  in  some  crystals 
a  grayish,  dull  appearance,  and  in  others  a  red  stain  due  to  iron  infil- 
tration. The  diallage,  when  fresh,  is  black,  lustrous,  and  highly  foli- 
ated, showing,  however,  a  frequent  change  to  a  soft  chloritic  substance. 
The  free  iron  oxide  ingredient,  which  is  now  magnetite  and  now  titanic 
iron,  is  in  very  large,  abundant,  highly  lustrous,  and  often  pinkish-tinted 
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grains.  The  first  kind  of  gabbro  is  found  only  in  the  Bad  river  belt, 
of  which  it  forms  the  lower  and  larger  portion.  The  last-named  kind 
forms  the  upper  part  of  the  Bad  river  belt,  and  is  also  represented 
among  the  south-dipping  beds  of  the  Douglas  county  region. 

The  acid  rocks  are  represented  in  the  Keweenawan  system  by  gran- 
ite and  felsitic  porphyries.  The  granite  is  of  restricted  occurrence,  and 
is  found  penetrating  alike  the  upper  mica- schists  of  the  Huronian,  and 
the  gabbro  at  the  base  of  the  Keweenawan.  It  is  known  only  in  the 
townships  immediately  west  of  Bad  river,  where  it  is  coarse  and  of  a 
pinkish  color,  with  predominating  pink  orthoclase  and  gray  quartz, 
rarer  white  plagioclase,  and  fine-scaled  black  biotite. 

The  porphyries  are  chiefly  of  the  quartz-porphyry  kind,  and  from 
lilac  to  brick  red  in  color,  with  porphyritic  white  orthoclase,  and  black 
quartz.  True  non-porphyritic  felsites  also  occur.  These  rocks,  which 
form  persistent  and  often  broad  bands,  interstratified  with  the  basic 
members  in  both  the  southern  and  northern  belts,  nearly  always  pre- 
sent a  massive  appearance,  being  for  the  most  part  without  sign  of 
clastic  origin.  It  is  quite  possible  that  they  are  true  non-clastic  rocks; 
and  this  supposition  would  not  be  questioned  for  a  moment  but  for  the 
fact  that  at  one  or  two  places  they  have  been  seen  with  a  conglomer- 
atic tendency,  and  the  further  fact  that  all  the  porphyry  beds  as  yet  ex- 
amined in  detail  in  the  Michigan  region  are  clastic.  From  Foster  and 
Whitney's  Lake  Superior  report  it  appears  that  there  are  large  develop- 
ments of  similar  rocks  at  several  little  known  points  in  the  Michigan 
region,  notably  in  the  Porcupine  mountains.  The  true  nature  of  the 
porphyries  and  their  relations  to  the  surrounding  rocks,  is  a  point  de- 
serving the  earnest  attention  of  all  geologists  working  in  the  Lake  Su- 
perior country. 

The  clastic  or  fragmental  rocks  of  the  Keweenawan  system  include 
shale,  sandstone  and  conglomerate,  with  a  thickness,  in  all,  of  not  less 
than  10,000  to  15,000  feet. 

The  shales  are  both  true  clay  shales  of  a  dark  gray  to  black  color, 
and  red  sandy  shale  grading  into  sandstone.  The  former  are  restricted 
to  the  lower  portions  of  the  upper  division  of  the  system,  and  are 
possibly  at  times  carbonaceous,  while  the  latter  occur  through  all 
parts  of  this  division. 

The  sandstones  are  chiefly  of  a  red  color,  of  varying  coarseness  of 
grain,  and  always  highly  aluminous,  owing  to  a  large  proportion  of 
feldspar  fragments,  which  are  not  unfrequently  more  or  less  changed 
to  a  kaolinic  substance.  These  sandstones  constitute  the  greater  part 
of  the  upper  division  of  the  system,  with  a  thickness  of  10,000  to 
13,000  feet    Similar  sandstones  —  and  this  is  true  also  of  the  red 
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shales  into  which  they  grade  —  are  found  alternating  withdiababe  flows, 
for  a  thickness  at  times  of  over  a  thousand  feet,  near  the  junction  of 
the  eruptive  and  sedimentary  divisions  of  the  system. 

The  sandstones  are  also  found  grading  into  flue  conglomerates,  but 
besides  these  there  occur  sharply  defined  boulder-conglomerates,  with 
the  pebbles  reaching  one  to  two  feet  in  diameter.  One  such  layer  as 
this  has  been  traced  westward  from  the  Montreal  for  over  70  miles, 
with  a  thickness  of  from  100  to  1,200  feet.  The  pebbles  are  quite 
largely  of  quartzose  porphyry,  but  abundant  ones  occur  of  the  ordinary 
basic  eruptive  rocks  of  the  system,  and  in  places  large  sized  quartzite 
boulders  are  plenty.  Besides  the  boulder-conglomerate  places  have 
been  noticed,  as  stated  on  a  previous  page,  where  the  great  porphyry 
bands  of  the  eruptive  portion  of  the  system  show  a  conglomeratic  ten- 
dency, reminding  us  of  the  true  porphyry  conglomerates  of  the  Michi- 
igan  portion  of  the  system. 

The  importance  of  the  Keweenawan  series  in  the  structure  of  north- 
ern Wisconsin  will  warrant  a  rapid  summary  in  this  place  of  the 
main  facts  obtained  by  the  several  members  of  the  survey  who  have 
worked  on  it,  with  regard  to  the  relations  and  distribution  of  its  several 
members. 

Beginning  with  the  southern  or  northward-dipping  belt,  we  find,  on 
the  Montreal  river,  where  it  crosses  into  Wisconsin  from  Michigan,  the 
following  succession  above  the  Ilnronian  schists:  (1)  green  chloritic 
diabase  and  diabase-amygdaloid,  black  conchoidal-fracturing  diabase  of 
the  Ashbed  type,  and  the  ordinary  diabase  and  diabase- amygdaloid 
(the  latter  constituting  the  upper  and  greater  part,  and  all  without 
satisfactory  appearance  of  bedding),  included  in  which  are  at  least 
three  porphyry  bands,  one  having  a  width  of  many  hundreds  of  feet — • 
in  all,  about  33,000  feet;  (2)  alternations  of  diabase,  and  diabase- 
amygdaloid,  with  red  sandstone  and  shale,  1,200  feet;  (3)  boulder-con- 
glomerate,  1,200  feet;  (4)  alternating  black  shale  and  hard  gray  quartz- 
less  sandstone,  350  feet;  (5)  red  sandstone  and  shale,  12,000  feet,  to 
which  should  probably  be  added  some  4,000  to  5,000  feet  covered  by 
the  waters  of  the  lake;  the  last  four  meml>ers  presenting  a  distinct 
bedding  and  very  steep  northern  dip.  These  measurements  give  us  a 
total  of  some  ten  or  eleven  miles,  measured  horizontally.  Should  we 
regard  the  series  as  a  continuous  one,  after  making  all  allowances  for 
variations  in  dip,  we  have  here  at  least  a  thickness  of  50,000  feet. 

Ten  miles  southwest,  following  the  trend  of  the  formations,  we  find 
along  Potato  river  the  green  diabase  of  the  Montreal  section  replaced 
by  coarse  gabbro,  while    the  whole  eruptive  portion  of  the  series  is 

Proc.  Amer.  Acad.  Sci.,  XU,  268  (1878). 
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considerably  reduced  in  thickness.  The  succession  here  measured  from 
sooth  to  north,  is  as  follows:  (1)  gabbro,  13,000  feet;  (2)  diabase  and 
diabase-amygdaloid,  some  of  the  Ashbed  type,  and  including  three 
porphyry  bands,  one  a  mile  in  width,  21,000  feet;  (3)  alternating 
diabase  and  sandstone,  but  the  sandstone  beds  barely  represented,  2,000 
feet;  (4)  boulder-conglomerate,  800  feet;  (5)  alternating  black  shale 
and  sandstone,  250  feet;  (6)  red  sandstone  and  shale,  in  sight,  2,000 
feet  Above  this  the  measures  are  concealed  by  the  red  lacustrine 
days  of  the  lowlands.  The  dip  is  still  nearly  vertical,  with  a  lessening 
to  75^-80°,  in  the  more  northern  sandstones. 

Ten  miles  farther  southwest  again.  Bad  river  crosses  the  series.  Here 
we  have  several  changes,  the  eruptive  portion  of  the  series  being 
greatly  reduced  in  thickness,  while  the  alternations  of  diabase  and 
sandstone  have  wholly  disappeared.  The  following  is  the  succession 
above  the  Huronian:  (1)  gabbro,  with  granite  veins,  12,000  feet; 
(2)  diabase  and  diabase-aniygdaloid  (none  of  the  Ashbed  type),  with 
two  (three?)  porphyry  bands,  only  5,000  feet;  (3)  boulder-conglomerate, 
300  feet;  (4)  alternating  black  shale  and  sandstone,  120  feet;  (5)  sand- 
stone and  red  shale,  in  sight,  300  feet;  beyond  which  the  measures  are 
buried  beneath  the  clay  of  the  lowlands.  The  inclination  is  still  a 
vertical  one,  with  a  lessening  to  75"-80"  in  the  more  northern  sandstone, 
as  before. 

At  Bad  river  the  trend  of  the  formations  changes  to  a  westerly  one. 
Eight  miles  west,  on  the  Brnnschweiler,  we  have:  (1)  gabbro,  with 
occasional  granite  veins,  32,000  feet;  (2)  diabase  and  diabase-amygda- 
loid, with  two  narrow  porphyry  bands,  and  one  narrow  band  of  sand- 
stone, 3,000  feet;  (3)  conglomerate,  600  feet.  Above  the  conglomerate 
the  measures  are  unexposed. 

At  the  Brnnschweiler  the  dip  has  already  begun  to  flatten.  "West- 
ward from  here  the  flattening  goes  on  very  rapidly,  as  a  result  of  which 
the  series  spreads  to  a  much  greater  surface  width,  and  the  boldness  of 
the  topography  disappears.  Other  results  are  the  passage  of  the  belt 
we  are  following  on  to  the  Mississippi  river  slope,  and,  since  there  are 
no  more  rapid  streams,  the  lack  of  any  such  magnificent  sections  as 
those  of  the  Montreal,  Potato  and  Bad  rivers.  The  exposures  become 
rarer,  and  more  diflicult  to  assign  to  their  proper  places  in  the  forma- 
tion. By  the  time  the  west  line  of  R.  6  W.  is  reached,  the  gabbroa 
disappear,  and  diabase  and  melaphyr  seem  to  make  up  the  whole  of  the 
eruptive  portion  of  the  system.  In  R.  7  W.,  in  the  vicinity  of  Long 
lake  and  the  Xumakagon  river,  these  have  a  surface  width  of  nine 
miles,  and  are  apparently  directly  in  contact  on  the  south  with  the 
Laurentian,  the  Huronian  schists  having  disappeared.     In  townships 
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43  and  44,  R  9  W.,  the  northward  dip  is  only  abont  25*,  as  shown  by 
numbers  of  exposures,  descriptions  of  which  are  found  in  the  notes 
left  by  the  late  Mr.  Strong. 

As  far  as  the  northwest  comer  of  T.  44,  R  8  W.,  the  course  of  the 
northern  border  of  the  diabase  beds,  which  is  marked  by  the  westward 
continuation  of  the  same  conglomerate  belt  as  found  farther  east,  is 
nearly  east  and  west.  Beyond  this  point  it  trends  southwest  again,  pass- 
ing in  the  vicinity  of  the  Eau  Claire  lakes,  where  what  is  not  improbably 
the  same  conglomerate  may  be  seen,  this  being  the  westernmost  point 
at  which  it  has  been  observed.  A  line  from  here  across  the  diabase 
belt,  in  a  direction  of  right  angles  to  the  general  tread,  measures  twelve 
miles.  Further  west,  as  shown  by  Mr.  Strong's  notes,  the  dip  lessens 
still  more,  probably  in  a  large  portion  of  the  area  approaching  horizon- 
tality,  the  width  of  the  district  covered  at  the  same  time  greatly  in- 
creasing. 

As  the  St.  Croix  river  is  approached,  the  whole  country  from  town- 
ship 41  southward  to  township  33  has  been  shown  by  Mr.  Strong  to  be 
underlaid  by  the  typical  diabase  and  melaphyr  of  the  Keweenawan 
series.  In  the  immediate  vicinity  of  the  St.  Croix,  and  to  some  extent 
away  from  the  river,  there  is  often  a  covering  of  the  horizontal  Pots- 
dam sandstone,  which,  at  the  contact,  is  commonly  filled  with  pebbles 
and  boulders  worn  from  the  older  diabase  and  melaphyr,  and  is,  more- 
over, often  crowded  with  the  characteristic  Primordial  fossils. 

The  northward-dipping  sandstone  beds  which  are  exposed  on  so  large 
a  scale  on  the  Bad  and  Montreal  rivers,  are  not  to  be  seen  west  of  Ash- 
land  county,  though  on  the  north  side  of  the  synclinal  the  same  beds 
occupy  their  true  positions  as  far  as  the  west  line  of  the  state.  It  is 
supposed  that  to  the  southward  they  are  buried  beneath  the  heavy 
drift  accumulations  of  the  region,  and,  moreover,  that  they  may  have 
been  largely  eroded. 

Passing  now  to  the  northern  side  of  the  synclinal,  where  the  strata 
dip  southward,  we  find  the  same  order  as  before  —  eruptive  rocks  below, 
and  to  the  north,  the  sandstones  above,  and  therefore  on  the  south. 

The  easternmost  exposure  of  these  south-dipping  rocks  is  met  with 
on  Bad  river.  Sec.  25,  T.  47,  R  3  W.,  where  are  seen  red  sandstones 
and  shales,  2,000  feet  in  thickness,  dipping  southeastward  at  an  angle 
of  38^  A  thickness  of  several  hundred  feet  of  the  same  rocks  inclined 
also  to  the  soutlieastward,  now  at  an  angle  of  25^,  is  exposed  on  White 
river,  Sec  6,  T.  46,  R  4  W.  To  the  westward  from  here  there  are 
many  square  miles  of  country  without  exposures. 

The  central  ridge  of  the  Bayfield  peninsula  appears  to  be  made  up 
beyond  doubt  of  some  of  the  crystalline  rocks  of  the  Keweenaw  system. 
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LAKE  SUPERIOR  SANDSTONE.  15 

These  are,  however,  not  exposed  until  we  get  as  far  west  as  Iron  river, 
T.  43,  R  9  W.  From  here,  in  a  direction  west  of  south,  fifty  miles 
across  Douglas  county  to  the  Minnesota  line,  is  a  prominent  ridge  with 
a  bold  northern  face,  made  up  of  beds  of  melaphyr  and  diabase.  These 
beds,  which  are  exposed  both  on  and  away  from  the  rivers,  over  a  belt 
two  to  four  miles  wid^,  dip  constantly  to  the  south  at  an  angle  of  20° 
to  40**.  On  the  north  they  are  seen  frequently  in  unconformable  rela- 
tions with  the  horizontal  Lake  Superior  sandstone,  which  is  filled  witli 
boulders  and  pebbles  derived  from  their  destruction. 

Southward  from  the  Douglas  county  Copper  Eange,  the  country  is 
level  and  swampy  for  twelve  to  fifteen  miles.  Beyond  this  barren  in- 
terval, however,  are  found,  in  townships  43  and  44,  numerous  ledges 
of  diabase  and  diabase-amygdaloid,  with  a  low  southern  dip;  immedi- 
ately overlying  which  is  a  great  thickness  of  red  sandstone  and  shale, 
inclining  southward  at  an  angle  of  about  14*.  These  sandstones  are  seen 
along  the  St  Croix  river,  in  townships  42, 43  and  44,  and  in  the  branch 
streams,  for  a  distance  of  over  twelve  miles.  According  to  Mr.  Sweet, 
the  total  thickness  exposed  is  over  9,000  feet,  but  from  Mr.  Strong's 
notes  it  would  appear  tliat  there  are  included  eruptive  beds. 

Lake  Superior  Sandstone.  The  newest  of  tiie  four  great  forma- 
tions of  the  Lake  Superior  region  presents  itself  as  a  horizontal  sand- 
stone, which  varies  from  deep  reddish-brown,  through  various  tinges  of 
red,  to  fawn  color,  the  red  shades  being  the  common  ones.  This  sand- 
stone is  genei*ally  quite  aluminous,  carrying  usually  some  feldspathic 
particles,  whose  alteration  has  often  given  rise  to  a  kaolin-like  sub- 
stance, which,  in  lighter-colored  varieties,  is  readily  perceptible  as  a 
white  substance  between  the  grains.  These  peculiarities  have  already 
been  noticed  as  characteristic  of  the  sandstones  of  the  upper  portion  of 
the  Keweenaw  series,  but  the  newer,  or  horizontal  sandstones  have 
always  a  much  larger,  and  frequently  even  a  predominating  quantity  of 
quartz  granules.  The  following  analyses,  by  Mr.  E.  T.  Sweet,  show  well 
tiie  diflferences  between  the  typical  sandstones  of  the  two  systems.  No.  I 
is  of  a  coarse  grained,  highly  feldspathic  rock  from  Leihy's  Falls  on  Bad 
river,  Sec  26,  T.  47,  K.  3  W.  No.  II  is  of  the  dark-brown  stone  quarried 
OQ  Bass  Island,  opposite  Bayfield.  The  large  percentage  of  magnesia  in 
No.  I  is  evidently  due  to  the  presence  of  a  pyroxenic  alteration  product: 

I.  II. 

Saica 69.78  87.02 

Alumina 15.4S  7.17 

lion  peroxide 7.93  8.91 

lime 49  .11 

Magnesia 1.17  .06 

Potash 2.64  1.43 

Soda 2.42  .22 

Totali 99.86         99.92 
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Plate  XIX  A,  of  this  volume,  gives  several  representations  of  the  ap- 
pearance under  the  microscope  of  thin  sections  of  both  Keweenawan 
and  Lake  Superior  sandstones. 

The  horizontal  sandstone  is  confined  to  the  vicinity  of  the  shores  of 
the  lake,  above  whose  level  it  has  never  been  observed  at  a  greater 
height  than  370  feet.  Tliis  figure  must,  therefore,  the  position  of  the 
layers  being  practically  a  horizontal  one,  be  taken  as  the  maximum 
known  thickness  of  the  formation.  It  undoubtedly  extends  to  a  greater 
depth,  and  quite  possibly  at  one  time  filled  a  large  portion  of  the  Lake 
Superior  trough. 

The  eastermost  point  at  which  the  horizontal  sandstones  are  known 
in  Wisconsin,  is  on  the  lake  shore  at  Clinton  Point,  Sec.  32,  T.  48,  R 
1  TV.  Four  miles  east  of  here,  on  the  Montreal  river,  the  nearly  ver- 
tical Keweenawan  sandstone  is  in  sight,  with  a  thickness  of  thousands 
of  feet.  West  of  Clinton  Point,  the  horizontal  sandstone  seems  to  un- 
derlie the  low  country  about  the  mouth  of  Bad  river,  but  does  not 
appear  to  view  until  the  head  of  Chaquamegon  Bay  is  reached.  From 
here  it  is  constantly  exposed  in  low  clifis  around  the  entire  coast  of  the 
Bayfield  peninsula,  and  for  short  distances  up  the  rivers  flowing  into 
the  lake.  It  is  also  visible  in  similar  cliffs  on  the  shores  of  nearly  all 
the  islands  of  the  Apostle  group.  Beyond  the  mouth  of  Iron  river, 
T.  50,  R.  9  W.,  the  sandstone  is  no  longer  seen  in  the  lake  bluffs,  which 
are  now  wholly  of  red  clay,  but  is  constantly  exposed  up  the  northward- 
flowing  streams  as  far  as  the  foot  of  the  Douglas  County  Copper  Kange, 
which  is  composed,  as  previously  shown,  of  southward-dipping  eruptive 
beds  of  the  Keweenawan  series.  According  to  Mr.  E.  T.  Sweet,  from 
whose  reports  all  the  facts  with  regard  to  the  country  about  the  western 
end  of  the  lake  are  taken,  the  belt  of  horizontal  sandstone  north  of  the 
Copper  Bange  has  a  width  of  from  five  to  ten  miles.  Mr.  Sweet  also 
states  that  the  elevation  of  the  sandstone  at  its  junctions  with  the  other 
rocks,  varies  considerably.  On  the  St.  Louis,  in  the  vicinity  of  Fond 
du  Lac,  where  the  horizontal  sandstone  directly  overlies  the  Huronian 
schists,  it  reaches  an  altitude  of  between  200  and  250  feet  above  the  lake 
level.  On  Black  river,  in  Douglas  county,  where  the  sandstone  is 
seen  nearly  in  contact  with  the  Keweenawan  eruptive  rocks,  in  a 
deep  gorge,  its  upper  surface  is  at  an  altitude  of  365  feet.  For  the 
other  principal  streams  flowing  into  Lake  Superior,  named  in  order  from 
west  to  east,  the  corresponding  figures  given  by  Mr.  Sweet  are  as  follows: 
Copper  creek,  296  feet;  Aminicon  river,  220  feet;  Middle  river,  155 
feet;  Brule  river,  212  feet;  Iron  river,  150  feet;  Flag  river,  115  feet; 
Siscowet  river,  95  feet. 

The  several  junctions  of  the  Lake  Superior  sandstone  and  Kewee- 
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nawan  rocks,  exposed  in  Douglas  county,  present  some  points  of  general 
interest  I  quote  in  this  connection  from  Mr.  Sweet's  report:  "  Most 
of  the  northward-flowing  streams  in  Douglas  county  leave  the  crystal- 
line rock  area  and  enter  upon  the  sandstone  district  through  deep  gorges 
and  in  wild  falls.  In  the  walls  of  these  gorges  both  formations  are 
usnally  beautifully  exposed,  but  the  sandstone,  for  a  distance  of  from 
twenty  to  three  or  four  hundred  feet  from  where  we  wonld  expect  to 
find  the  contact,  has  evidently  been  affected  by  some  great  lateral  pres- 
sure; for  we  find  the  layers  broken  into  short  lengths  and  tilted  at 
various  angles,  generally  to  the  northwest,  or  away  from  the  crystalline 
rocks.  In  following  down  the  streams,  the  sandstone  layers  in  the 
walls  of  the  gorges  gradually  show  less  and  less  the  effects  of  disturbing 
influences,  and  finally  assume  horizontality  and  regular  bedding.  On 
Middle  river  the  original  lines  of  deposition  have  been  entirely  obliter- 
ated, and  the  very  argillaceous  sandstone  transformed  into  a  transverse- 
cleaving  slate."  From  othdr  portions  of  Mr.  Sweet's  report,  it  appears 
that  at  the  contact  there  is  in  many  cases  a  confused  brecciated  mass 
of  sandstone  and  crystalline-rock  fragments,  some  of  which  are  of  great 
size,  while  in  places  they  become  rounded,  and  the  rock  passes  into 
the  ordinary  conglomerate.  These  peculiar  appearances,  only  in  one 
case  reaching  to  any  considerable  distance  from  the  crystalline  rocks, 
are  to  be  attributed  in  the  first  place  to  the  naturally  confused  mode  of 
deposition  on  the  cliffy  shore  of  the  waters  in  which  the  sandstones 
wfere  originally  deposited,  but,  as  I  have  shown  in  another  place,^  a 
slight  movement  northward  of  the  deep-seated  crystalline  rocks  against 
the  more  superficial  sandstone  would  account  for  much.  Another  thing 
tending  to  confuse,  would  undoubtedly  be  the  cliemical  action,  which,  as 
is  well  known,  is  so  apt  to  be  set  up  with  unusual  energy  along  the  con- 
tact of  dissimilar  formations. 

The  contact  of  the  Lake  Superior  sandstones  with  the  Huronian 
slates  of  the  St.  Louis  river,  in  Minnesota,  is  without  such  peculiar 
phenomena  as  just  described,  being  a  case  of  true  unconformable  super- 
position, and  not  of  mere  abutment  against  the  higher  ledges  of  ;vn 
older  system.  According  to  Mr.  Sweet,  in  descending  the  St  Louis 
river  from  the  railroad  crossing  at  Tliompson,  the  horizontal  sandstones 
first  overlie  the  slates  near  the  center  of  Sec.  11,  T.  48,  R  10  W.,  two 
miles  above  the  Wisconsin  line.  The  sandstone  is  here  a  conglomerate 
of  pebbles  of  quartz  and  of  greenish  chloritic  slates  from  the  underlying 
Huronian,  the  quartz  pebbles  coming  from  veins  in  the  latter  forma- 
tion. Above,  these  conglomerates  grade  into  and  are  directly  succeeded 
by  the  ordinary  red  sandstone  and  shale. 

'  **  On  the  A^  of  the  Copper-Bearing  Rocks  of  Lake  Superior."  Am.  J.  Sci.  June,  1874. 
Vol.  nL— 2 
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The  resume  thus  given,  together  with  the  accompanying  map  (Plato 
IX)  and  sections  (Plate  IX  a),  will  serve  to  convey  a  comprehensive 
idea  of  the  relations  to  each  other  of  the  several  North  Wisconsin 
formations,  and  of  the  position  and  extent  of  the  great  synclinal  de- 
pression which  extends  entirely  across  the  state,  from  the  Michigan  to 
the  Minnesota  boundary.  A  number  of  interesting  conclusions,  as  to 
structure,  covering  a  wider  area  than  is  included  within  the  Wisconsin 
region,  are  suggested 'by  the  results  obtained  by  our  survey.  As  to 
some  of  these,  I  can  have  but  little  doubt  of  their  trutli;  still,  the 
needed  investigations  have  not  been  made,  and  their  final  demonstration 
must  be  left  to  the  geologists  of  the  adjoining  states. 

One  of  the  most  interesting  of  the  points  left  in  some  doubt  is  the 
nature  of  the  continuation  of  the  North  Wisconsin  synclinal  into  Min- 
nesota, and  the  relation  of  the  rocks  on  the  north  shore  of  the  western 
end  of  Lake  Superior  to  those  in  Wisconsin.  The  descriptions  given 
in  Owen's  report  of  the  rocks  exposed  on  Kettle  river,  which  crosses 
the  extension  of  the  synclinal  in  Minnesota,  are  of  no  avail  in  this  con- 
nection, for,  in  the  first  place,  his  distances  are  estimates  only,  made  in 
canoe  traveling,  and,  moreover,  he  has  failed  to  distinguish  between 
the  Potsdam  sandstones  of  the  Mississippi  valley  and  the  sandstones 
of  the  Keweenaw  Series.  Tliis  distinction  will,  indeed,  be  a  matter  of 
some  difficulty  to  any  one,  even  now  that  the  structure  of  the  Wiscon- 
sin region  is  known,  for  the  Keweenawan  sandstones  are  here  but  little 
inclined,  and  the  Potsdam  sandstone,  which  probably  often  directly 
overlies  the  others,  is  frequently  filled  with  boulders  of  the  eruptive 
rocks  of  the  Keweenaw  Series,  the  resulting  conglomerates  looking 
much  like  some  of  the  true  Keweenawan  conglomerates.  It  is  very 
evident  that  the  Mississippi  valley  sandstone  stretches  well  to  the 
northward  in  the  St.  Croix  region. 

It  is  supposed  that  the  North  Wisconsin  synclinal  terminates  at  no 
great  distance  west  of  the  Minnesota  line,  in  a  shape  which  might  be 
likened  to  that  of  the  end  of  a  shallow  spoon,  one  side  of  whidi  has 
been  beaten  out  nearly  flat,  as  indicated  by  the  wide  spread,  southward, 
of  the  nearly  horizontal  eruptive  rocks. 

The  Huronian  schists,  so  largely  exposed  along  the  St.  Louis  in  Min- 
nesota, from  Tliompson  nearly  to  the  Wisconsin  line,  dip  constantly  to 
the  southward,  at  an  angle  of  from  30*'  to  40°,  the  strike  being  nearly 
east  and  west  These  schists  appear  to  be  representatives  on  the  north 
side  of  the  synclinal  of  the  Penokee  Huronian  System,  whose  western 
extension  we  suppose  to  be  buried  beneath  the  overflows  of  the  Kewee- 
nawan diabase  and  melaphyr.  If  this  view  is  correct,  the  two  must 
connect,  also  in  spoon-fashion,  somewhere  in  that  part  of  Minnesota 
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southwest  of  the  St  Louis.  The  hills  immediately  back  of  Dulutli 
are  made  up  of  a  coarse-grained  hornblende  gabbro,*  behind  which  pass 
the  Huronian  schists  of  the  St  Louis,  and  above  which,  a  few  miles 
along  the  lake  shore,  begin  to  appear  the  characteristic  diabases  and 
sandstones  of  the  Keweenaw  series,  dipping  at  low  angles  (5*  to  15')  to 
the  southward.*  It  seems  altogether  probable  that  we  have  in  these 
rocks  of  low  dip  merely  a  portion  of  the  same  south-dipping  series  met 
with  in  Douglas  county,  Wisconsin.  From  the  publications  of  Owen 
and  Wliittlesey  with  regard  to  the  northwest  shore  of  Lake  Superior,  I 
gather  thpt  the  same  low  southern  dip  prevails  throughout  It  reap- 
pears, as  Foster  and  Whitney  have  shown,  in  the  Isle  Eoyale  rocks,  so 
that  the  North  Wisconsin  synclinal  would  appear,  on  the  whole,  to  be 
the  same  as  that  long  recognized  as  lying  between  Isle  Eoyale  and  Ke- 
weenaw point  The  westermost  portion  of  the  lake  or  the  "  Fond  du 
Lac,"  is  then,  ou  this  view,  excavated  entirely  in  the  south-dipping  lay- 
ers of  the  north  side  of  the  synclinal,  and  possibly,  to  judge  from 
the  position  of  the  island,  in  those  layers  that  appear  in  Isle  Eoyale. 
The  varying  breadth  of  the  depression  is  easily  explained  by  the  varia- 
tions in  inclination  on  either  side,  as  also  by  the  thinning  and  thicken- 
ing of  diflferent  members  of  the  series.  Tlie  relation  of  the  Porcupine 
Mountain  rocks  to  the  synclinal  is,  however,  with  our  present  knowl- 
edge, a  point  of  difficulty.* 

The  subject  of  the  age  of  the  Lake  Superior  formations  is  one 
deserving  a  few  additional  words.  That  the  gneissic  and  schistose 
rocks  of  the  region  are  correctly  referred  to  the  Laurentian  and 
Huronian  systems  of  Canada,  would  seem  to  be  sufficiently  proven 
from  facts  already  given.  The  relations  of  the  Keweenawan  system 
and  of  the  horizontal  Lake  Superior  sandstone  to  each  other,  to 
the  Huronian  schists,  and  to  the  fossiliferous  Potsdam  sandstone  of 
the  Mississippi  valley,  are,  however,  points  needing  further  consider- 
ation. 

That  the  Keweenawan  system  is  newer  than  the  Huronian,  is  evident 
enough  from  the  relative  positions  of  the  two,  both  in  the  Penokee  re- 
gion and  in  the  region  of  the  northwest  shore  of  Lake  Superior.  That 
the  two  systems  are  in  actual  non-conformity  in  these  regions  is  not  so 
evident    Pumpelly  and  Brooks,  after  a  rapid  examination  of  the  re- 

*  Streng  and  Kloos.    Neues  Jahrbuch  fiir  Mineralogie,  1877. 

*  CoL  Charles  WhittleBcy.  "  Physical  Geology  of  Lake  Superior."  Proc.  Am.  Assoc., 
1875.    Also  Owen's  Geological  Survey  of  Wisconsin,  Iowa  and  Minnesota. 

'  The  nature  of  the  depression  south  of  Keweenaw  Point,  and  of  the  westward  exten- 
sion of  the  Copper  Range  of  Keweenaw  Pomt,  now  occupied  by  the  horizontal  Lake 
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gion  between  Bad  river  and  Lake  Gtogebic,  announced,  in  1873,^  their 
belief  in  the  essential  conformitjof  the  two  systems.  The  opinion  was 
based  on  the  close  approximation  in  the  amount  of  northward  dip  through 
all  of  this  region;  the  Keweenawan  beds,  when  differing  in  inclination 
from  the  adjacent  Huronian,  presenting  a  higher  inclination,  instead  of  a 
lower  one,  as  would  be  expected  in  a  case  of  non-conformity.*  After 
my  own  first  season's  work  in  the  Penokee  country,  I  acquiesced  in 
this  conclusion,  and  so  stated  in  a  paper  published  in  1874.'  In  an  ar- 
ticle published  in  1876,*  however,  Mr.  Brooks  reverses  his  former  opin- 
ion, now  regarding  the  Huronian  and  Keweenawan  systems  as  uncon- 
formable.   I  give  his  arguments  in  his  own  words: 

"  As  supporting  the  view  that  these  pre-Silurian  systems  are  of  dis- 
tinct periods,  I  would  call  attention  to  their  well  known  points  of  dif- 
ference. The  Huronian  series  of  stratified  greenstones,  chloritic  and 
related  schists,  clay  slates,  quartzites,  marbles,  micaceous  and  horn- 
blende-schists, gneisses  and  granites,  containing  no  copper  or  other 
metallic  ores,  except  great  conformable  beds  of  magnetite,  hematite, 
and  limonite,  difier  as  widely  as  may  be  from  the  compact  and  amyg- 
daloidal  melaphyrs,  friable  sandstones,  conglomerates  with  porphyry 
pebbles,  which  constitute  the  bulk  of  the  copper  series,  the  whole  more 
or  less  charged  with  native  copper  and  silver;  all  of  which  points 
strongly  toward  a  different  origin  of  the  two  systems. 

"  In  their  metamorphoses  and  movements  subsequent  to  their  depo- 
sition, there  is  a  not  less  wide  divergence  noticeable.  The  friable  sand- 
stones of  the  copper  series,  showing  no  greater  metamorphism  than  the 
overlying  Silurian,  for  which  they  are  often  mistaken,  have  no  counter- 
part in  the  highly  crystalline  schists  and  quartzites  of  the  Huronian, 
where  we  have  only  just  enough  of  the  arenaceous  character  left  in 
some  of  them,  to  leave  no  doubt  as  to  their  fragmentary  origin.  But 
the  difference  in  the  amount,  sharpness,  and  regularity  of  the  folding 
and  bending  of  the  rocks  of  the  two  systems  into  existing  wave  forms, 
is,  if  possible,  wider  than  their  lithological  variations.    Contrast  the 

Superior  sandstone  as  far  west  as  Lake  Gogebic,  is  another  point  of  difficulty  as  well  as 
of  gresX  interest  in  this  connection.  A  few  facts  given  by  Foster  and  Whitney,  and  by 
Brooks  and  Pumpelly,  suggest  the  thought  that  there  may  be  here  another  true  sjmcli- 
nal  depression,  the  southern  rim  of  which  is  reprisented  by  the  **  South  Copper  Range  *' 
of  the  region  of  Lake  Grogebic;  but  this  is  a  mere  conjecture. 

*  Am.  Journal  of  Science  and  Arts,  Vol.  II.,  1872. 

« See  Sections,  Atlas  Plates  XXI  and  XXII . 

'**Onthe  Age  of  the  Copper  Bearing  Rocks  of  Lake  Superior.**  Am.  Journal  of 
Sci.,  June,  1874. 

^^* On  the  Youngest  Huronian  Rocks  south  of  Lake  Superior.**  Am.  Jour,  of  Sci., 
Masch,  1876. 
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magnificent  regular  sweeps  of  the  copper  series,  the  main  ranges  of 
which  preserve  the  same  strike  and  direction  of  dip  from  Keweenaw 
Point  westward  for  150  miles,  presenting  for  half  the  distance  only  the 
south  unturned  edge  of  the  broad  synclinal  which  embraces  one-fourth 
of  the  great  lake  in  its  basin;  with  the  older  system  everywhere  sharply 
folded  into  narrow  troughs  and  irregular  basins,  trending  in  every  direc- 
tion, the  upturned  edges  of  whoso  enclosing  rocks  box  the  compass, 
winding  and  zig-zagging  in  outcrop  like  a  sluggish  river. 

"If  we  extend  our  observations  to  the  older  and  again  non-conform- 
able Laurentian,  we  find  the  rocks  still  more  plicated  and  metamor- 
phosed, often  even  to  the  extent  of  entirely  obliterating  all  evidences  of 
stratification.  If  we  suppose  tlie  forces  which  have  produced  the  meta- 
morphosis and  the  wave  forms  to  have  acted  regularly  and  constantly 
from  the  beginning  of  Archaean  time  to  the  beginning  of  the  Paleozoic, 
we  may  easily  suppose  the  above  results  produced,  viz:  the  Laurentian, 
most  disturbed  and  changed,  the  Huronian  next,  and  the  copper  series 
least,  the  Silurian  practically  not  at  all. 

"  A  fact  not  without  interest  is  the  entire  absence,  so  far  as  I  know, 
of  any  patch,  even,  of  rocks  of  the  copper  period  south  of  the  great 
Keweenaw  belt  If  the  two  systems  were  conformable  and  of  the  same 
age,  it  is  difScult  to  suppose  it  possible  that  erosion  should  have  en- 
tirely denuded  all  the  Huronian  area  which  must  have  been  covered  by 
the  copper  series,  of  the  rocks  of  that  period.  One  would  expect  that 
somewhere  a  mass  of  these  supposed  younger  Huronian  beds  would 
have  been  embraced  in  some  one  of  the  numerous  sharp,  deep  syncli- 
nals, and  have  been  found  by  those  indefatigable  mineral  prospectors 
who  have  so  thoroughly  searched  this  region.  On  the  hypothesis  of 
non-conformability,  it  is  much  easier  to  conceive  how  it  was  possible 
for  Silurian  breakers  coming  from  the  south,  slowly  advanced  by  a  sub- 
sidence from  the  same  direction,  to  have  done  their  work  in  completely 
uncovering  the  present  Huronian  area,  and  leaving  the  great  copper 
range  escarpment  one  of  the  most  striking  topographical  features  as 
well  as  the  most  difficult  geological  problems  in  the  northwest  It  is 
easy  to  suppose,  for  example,  the  horizontal  Silurian  rocks  being  entirely 
eroded  from  any  Archsean  terrains,  but  not  of  the  Huronian  rocks 
being  entirely  eroded  from  a  Laurentian  area  for  the  reason  already 
given.  Lastly,  Logan  states.  Geology  of  Canada,  1863,  p.  77,  that  *  cer- 
tain  conglomerates  of  the  Lower  Copper-bearing  rocks  north  of  Lake 
Superior  repose  non-conformably  on  the  upturned  chloritic  schists  of 
the  Huronian.'  ^ 

It  will  be  seen  that  Mr.  Brooks*  arguments  are  based  chiefly  upon 
the  relations  and  main  structural  features  of  the  two  systems  as  devel- 
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oped  in  Michigan,  and  that,  therefore,  "  the  approximate  confonnabilitv 
in  strike  and  dip  of  the  Huronian  and  copper  series  between  the  Mon- 
treal river  and  Lake  Gogebic,  would  in  this  view  be  only  accidental, 
and  not  prove  identity  of  age."  These  arguments  appear  to  me  to  be, 
for  the  most  part,  quite  sound;  and,  moreover,  I  conceive  that  furtlier 
evidence  of  non-conformity  is  afforded  in  the  Wisconsin  region  by  the 
following  facts:  (1)  In  the  Penokee  country,  the  uppermost  beds  of 
the  Huronian  are  gradually  cut  out,  as  we  trace  them  westward,  by  the 
gabbro  that  forms  the  base  of  the  Keweenawan  series,  a  fact  which 
appears  to  me  best  explained  by  the  supposition  that  the  gabbro*  covers 
and  conceals  these  missing  beds.  (2)  There  is  not  an  absolute  uniformity 
in  dip  between  the  Huronian  and  Keweenawan  rocks  in  this  region, 
the  latter  standing  commonly  at  a  higher  angle.  (3)  West  of  Lake 
Numakagon,  the  diabases  and  other  eruptive  rocks  of  the  Keweenaw 
series  appear  to  completely  cover  the  Huronian,  in  a  great  overflow. 
Nevertheless,  the  approach  to  conformity  in  Wisconsin  is  close,  and 
were  we  to  draw  our  conclusions  from  this  region  only,  the  non- 
conformity could  hardly  be  regarded  as  proven.  There  are  no  such 
undulations  in  the  Huronian  of  the  Penokee  district  as  in  Michigan, 
the  subordinate  members  making  long  and  r^ular  bands  conforming 
to  the  general  trend  of  the  formation,  and  also,  in  a  general  way,  to  the 
trend  of  the  several  belts  of  the  Keweenaw  series.  Moreover,  the  less- 
ening in  dip  towards  the  west,  already  noted  as  affecting  the  latter 
rocks,  is  observed  also  in  the  underlying  Huronian,  so  far  as  these  can 
be  traced  westward.  Again,  from  the  relation  of  the  Huronian  and 
Keweenawan  rocks  on  the  St.  Louis  and  the  district  bordering  the  north- 
west shore  of  Lake  Superior,  it  appears  evident  that  the  North  Wis- 
consin synclinal  affects  Huronian  as  well  as  Keweenawan  rocks. 

The  older  geologists  all  speak  of  the  Keweenawan  series  and  the 
horizontal  Lake  Superior  sandstones  as  forming  part  of  the  same  system. 
Sir  William  Logan,*  in  his  (Jeology  of  Canada,  gives  good  reasons  for 
believing  in  a  non-conformity  between  the  two;  and  Brooks  and  Pum- 
pelly,  in  the  publication  above  referred  to,  distinctly  announce  such  a 
non-conformity.  Their  opinion  is  based  (1)  on  the  unconformable 
abutment  of  the  horizontal  sandstones  all  along  the  south  side  of  Ke- 
weenaw Point  against  the  northwest-dipping  diabase  and  included 
sandstones  of  the  Keweenawan  series;  (2)  on  the  occurrence  of  a  small 
patch  of  horizontal  sandstone,  placed  directly  upon  the  tilted  diabase 

'  This  gabbro  belt  occupies  the  position  of  the  belt  called  granitic  bv  Msgor  Brooks,  in 
the  paper  above  quoted,  and  by  Colonel  Whittlesey,  in  Owen's  Geological  Report, 
"granitic  and  syenitic.'* 

•  Geology  of  Canada,  p.  85. 
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beds;  (3)  on  the  relations  of  the  two  series  in  the  vicinity  of  Lake 
Gogebic;  and  (4)  on  the  general  dissimilarity  in  structure  of  the  two 
systems,  the  one  presenting  itself  always  as  a  constantly  horizontal 
sandstone  of  no  great  thickness,  confined  to  the  immediate  vicinity  of 
the  lake,  or  to  low  depressions  extending  inland  from  the  lake,  while 
the  other  is  a  series  including  enormous  thicknesses  not  only  of  eruptive 
rocks,  but  of  fragmental  sediments  as  well,  which  are  always  inclined, 
and  rise  to  great  heights  above  the  lake  level.  The  unconformable 
abutment  of  Keweenaw  Point  was  formerly  explained  by  supposing  the 
existence  of  a  great  longitudinal  fault.  That  the  tilted  diabase  beds 
had,  however,  the  same  position  as  now,  when  the  horizontal  sandstone 
was  deposited,  is  evident  from  the  pebbles  and  boulders  of  diabase 
found  in  the  sandstone  at  the  contact. 

The  relations  of  the  two  systems,  as  observed  in  Wisconsin,  are,  I 
think,  wholly  confirmatory  of  this  view.  The  constant  horizontality  of 
the  sandstone  series;  its  restriction  to  low  levels;  the  actual  unconform- 
ity visible  in  Douglas  county;  the  proximity  of  the  horizontal  sand- 
stones to  the  enormously  thick  perpendicular  fragmental  beds  of  the 
Montreal  river;  and  the  relations  of  the  two  series  on  the  St.  Louis, 
appear  to  amount  to  demonstration.  In  the  Thunder  Bay  region,  the 
Canada  geologists  have  proved  a  similar  non-conformity,  and  Sir  Will- 
iam Logan's  arguments  would  seem  to  show  that  the  same  is  true  for 
the  southeastern  shore  of  the  lake.  That  it  may  at  times  be  difficult  to 
tell  whether  we  have  to  do  with  the  Keweenawan  or  the  newer  sand- 
stones, is  undoubtedly  true  in  some  of  those  cases  where  the  Kewee- 
nawan beds  have  a  low  inclination,  but  such  cases  of  difficulty  are  rare. 

Sir  William  Logan,  supposing  the  horizontal  sandstones,  because 
overlaid  in  the  vicinity  of  the  Sault  St.  Marie  by  beds  with  Trenton 
fossils,  to  belong  to  the  Chazy  horizon,  was  inclined  to  refer  the  Ke- 
weenawan series  to  the  Calciferous  and  Potsdam.  The  researches  of 
Dr.  Kominger,  State  Geologist  of  Michigan,  would,  however,  seem  to 
show  that  the  horizontal  sandstones  really  belong  to  the  Potsdam  hori- 
zon of  New  York,  which  would  indicate  a  pre-Primordial  age  for  the 
Keweenawan  system. 

Fortunately,  however,  we  have  at  hand  a  more  absolute  proof  than 
this,  of  the  age  of  the  Keweenawan  System,  for  at  the  Dalles  of  the  St. 
Croix  river,  thirty  miles  above  its  junction  with  the  Mississippi,  and  on 
the  west  line  of  Wisconsin,  we  find  horizontal  sandstones  and  shales, 
crowded  with  characteristic  Primordial  fossils,  lying  upon  the  irregular 
and  eroded  surface  of  a  Keweenawan  melaphyr.^    The  contact  is  finely 

'  E.  T.  Sweet,  Transactions  Wis.  Acad.  ScL,  VoL  III;  also,  Owen's  Geol.  Survey  Wis., 
Iowa,  and  Minn. 
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exposed,  and  the  sands  tone  near  the  junction  is  full  of  rounded  and 
angular  fragments  of  the  underlying  melaphyr.  This  place  was  de- 
scribed by  Owen,  but,  so  infected  was  he  with  the  prevalent  ideas  of 
intrusive  rocks,  that  he  looked  upon  the  melaphyr  as  the  newer  of  the 
two,  disregarding  the  overwhelming  evidence  of  direct  superposition, 
of  the  undisturbed  condition  of  the  sandstone,  and  of  the  melaphyr 
pebbles  and  boulders  it  contains.  Mr.  Strong  has  found  similar  con- 
tacts in  numbers  of  other  places  in  the  St  Croix  region.  It  is  evident 
enough,  then,  that  we  have  here  proof  absolute  that  the  Keweenawan 
series  belongs  below  the  base  of  the  Paleozoic  column  of  the  Mississippi 
and  above  the  Huronian  schists  of  Lake  Superior. 

The  relation  of  the  Lake  Superior  horizontal  sandstone  to  the  Pots- 
dam sandstone  series  of  the  Mississippi  valley,  needs  a  few  remarks. 
As  already  stated,  Logan  has  proved  the  sandstones  of  the  Sault  to  lie 
below  beds  with  Ti'enton  fossils,  and  Kominger  seems  to  have  nearly 
as  clearly  established  a  similar  relation  to  the  Calciferous  strata.  These 
facts  would  go  far  towards  placing  the  two  series  in  question  at  nearly 
the  same  horizon.  An  absolute  proof  of  their  exact  relations  is  want- 
ing, because  nowhere  as  yet  have  the  two  been  traced  into  each  other. 
Judging  from  the  low  altitude  above  the  lake  to  which  the  Lake  Supe- 
rior sandstone  has  been  seen  reaching,  it  appears  improbable  that  any 
connection  ever  existed  between  the  two  formations  in  the  Wisconsin- 
Minnesota  region.  Tlie  only  place,  in  this  vicinity,  where  such  a  con- 
nection would  seem  to  have  been  possible,  would  be  along  the  bottom 
of  the  synclinal  depression ;  but  even  here  the  elevation  seems  too  great, 
and,  moreover,  so  heavily  is  the  country  covered  by  drift  materials  that 
no  trace  of  the  connection  would  be  likely  to  develop  itself,  did  it  exist. 

It  is  much  more  possible  that  a  connection  may  exist  in  that  portion  of 
the  upper  peninsula  of  Michigan  where  the  formations  of  the  west  side 
of  LflJke  Michigan  swing  around  from  a  northeastward  to  an  eastward 
trend.  That  the  fossiliferous  Potsdam  sandstone  is  continuous  to  the 
Michigan  line.  Prof.  Chamberlin  has  shown.^  As  to  a  connection  across 
the  seventy  to  eighty  miles  intervening  between  here  and  Lake  Supe- 
rior, I  find  no  evidence  in  the  reports  of  the  Michigan  geologists. 
The  idea  that  a  connection  exists  here  between  the  St.  Peter's,  or 
Upper  sandstone,  of  Wisconsin,  and  the  Lake  Superior  sandstone, 
need  only  to  be  mentioned  for  the  sake  of  denying  the  existence  of 
any  such  connection. 

It  appears,  on  the  whole,  that  the  evidence  is  all  in  favor  of  an  approx- 
imate equivalency  of  the  Lake  Superior  and  Mississippi  valley  Pots- 
dam sandstones.    It  seems  probable  to  me,  with  my  present  knowledge 

'  "  Goology  of  Eastern  Wisconsin/*  in  YoL  II,  Geology  of  Wisconsin. 
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of  the  facts,  that  they  were  deposited  in  always  disconnected  basins, 
and  that  their  sharply  contrasted  lithological  peculiarities  are  to  be 
explained  by  corresponding  differences  in  the  ancient  rocks  fro  Ji  whose 
rnins  they  are  built 

Judging  from  the  facts  obtained  in  the  western  part  of  the  Lake 
Superior  region,  the  sequence  of  events  during  the  periods  represented 
by  these  formations  would,  then,  seem  to  have  been  as  follows:  the 
deposition  of  the  sediments  which  afterwards  became  the  Huronian 
schists,  in  a  trough  bounded  by  lofty  elevations  of  Lauren tian  gneiss; 
the  deepening  of  the  trough,  with  the  partial  alteration  and  dislocation 
of  these  sediments;  the  first  great  molten  outflows,  presumably  of  fis- 
sure origin,  of  the  Keweenawan  system;  the  further  crystaiization  — 
due  to  the  heat  at  the  depth  reached — of  the  Huronian  sediments, 
with  the  contemporaneous  formation  of  the  granite  now  found  pen- 
etrating the  upper  Huronian  schists  and  the  gabbro  at  the  base  of  the 
Keweenawan;  the  formation  by  alternate  igneous  outflow  and  sedi- 
mentation of  the  enormously  thick  Keweenaw  system,  the  trough  con- 
tinuing to  deepen  meanwhile,  but  not  enough  to  carry  the  Keweenawan 
sediments  into  the  region  of  alteration;  the  gentle  folding  into  a  wide 
synclinal,  or  synclinals,  of  the  whole  series  of  beds  whose  history  has 
been  thus  traced;  the  enormous  denudation  which  removed  the  Lau- 
rentian  highlands,  and  produced  the  beveled  edges  of  the  Huronian  and 
Keweenawan  series;  and,  finally,  the  deposition  of  the  Lake  Superior 
horizontal  sandstones  in  the  depressions  left  by  the  movements  and  ero- 
sion of  the  preceding  periods. 
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Agreeably  to  the  request  of  Prof.  Chamberlin,  I  have  examined  the 
rocks  sent  me  from  the  collections  made  bj  Prof.  Irving,  Mr. 
Strong  and  Mr.  Sweet,  and  from  the  University  collection.  In  doing 
this,  I  have  had  one  hundred,  or  more,  thin  sections  cut  for  study  un- 
der the  microscope.  I  have  limited  my  observations  chiefly  to  the 
classification  of  the  rocks;  thinking  that  the  most  important  direction 
that  I  could  give  to  my  study  would  be  that  one  in  which  I  might  be 
able  to  contribute  some  aid  towards  the  comparison  of  the  rocks  of  the 
Keweenawan  or  Copper-bearing  series  of  Michigan  ^  with  those  of  Wis- 
consin. 

In  classifying  the  Wisconsin  rocks,  I  have  followed  the  system  of 
Eosenbusch,*  which,  in  so  far  as  the  rocks  in  question  are  concerned,  is 
expressed  in  the  following  scheme: 

I.    Gbanulab  Plagioclase-Augite  Kocks. 
a.  Plagioclase-Augite = Diabase. 
J.  Plagiocla8e-Augite-Chrysolite=Chrysolitic  Diabase. 

II.  PoRPHYBino  Plagioclase-Augite  Eocks;    containing  more  or 

less  of  a  base  which,  under  the  microscope,  is  not  re- 
solvable into  individualized  minerals. 

a.  Plagioclase-Augite =Porphyri tic  Diabase. 

}.  Plagioclase-Augite-Chrysolite=Melaphyr. 

III.  Gbakular  Plagioclase-Diallage  Eocks. 

a.  Gabbro. 

*  The  lithological  descriptions  of  the  Michigan  copper  rocks  are  given  in  the  Report  of 
the  GeoL  Survey  of  Mich.,  Vol.  Ist,  Part  2,  1873.  I  refer  here  more  particularly  to  the 
rocks  of  the  Eagle  River  section,  because  that  section  is  a  very  long  and  continuous  one, 
and  because  a  suite  of  specimens  collected  by  Mr.  Marvine,  and  numbered  to  correspond 
with  the  numbers  used  to  designate  the  beds,  and  used  also  in  his  very  clear  descriptions 
in  pp.  95  to  140,  of  the  above  report,  has  been  presented  to  the  Wisconsin  Survey.  In 
reading  Mr.  Marvine's  chapter,  it  will  be  necessary  to  remember  that  pyroxene  should 
stand  in  place  of  hornblende  in  every  instance,  and  that  the  rocks  indicated  as  '*  diorite  ** 
all  belong  to  the  diabase  family,  some  being  diabase  proper,  some,  as  108,  melaphyr, 
and  others,  as  95  and  107,  gabbro.  Throughout  the  whole  report,  the  term  mela- 
phyr is  used  in  a  generic  sense,  and  should  be  replaced  by  diabase,  also  as  a  generic 
name. 

'  *'  MikrofikopiBche  Physiographie  der  Massigen  Gesteine,'*  von  H.  Roeenbusch.  Stutt- 
gart, 1877. 
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In  determining  the  feldspars,  I  have  used  mj  own  modification 
of  Des  Cloiseanx's  method.  Des  Cloiseanx  cut  thin  sections  of  the 
various  triclinic  feldspars  parallel  to  the  basal  cleavage,  and  meas- 
ured, between  crossed  nicols,  the  angle  between  the  edge  0:ti  and  the 
principal  section  —  maximum  extinction  of  light  —  or  between  the 
maxima  of  extinction  in  the  alternate  hemitropic  bands  of  the  twinned 
crystals. 

Des  Cloiseanx  found  this  double  angle  from  a  long  series  of  obser- 
vations to  be: 

For  Oligodaae 0*      — 2* 

Andesine 3'     — 4* 

Albite 7'4(y-9*40' 

Lebradorite 10*34' -13*56' 

Anorthite 40*      -«)• 

Microdine 30*54' 

The  application  of  this  beautiful  and  exact  method  requires  crystals 
large  enough  to  be  managed  in  cutting,  and  these  are  very  rare  in  these 
rocks. 

To  make  this  principle  applicable  to  ordinary  thin  sections,  I  have 
determined  approximatively  for  each  of  the  triclinic  feldspars,  the 
range  of  the  angle  included  between  the  principal  sections  of  alternate 
hemitropic  bands  in  the  zone  0:it.  These  values  are  based  on  the  po- 
sition of  the  optic-axial  plane  and  of  the  bisectrix,  as  established  by  Des 
Cloiseanx.^ 


Feldspabs. 


Orthodase. 

Albite 

Olisodase.. 
Lamdorite 
Anorthite.. 


0* 
0* 
0* 
0* 
0* 


8:2 
11 


0* 
7*30'-10* 
0'     —  4* 

10*     —14* 

40*     —80* 


0* 

32*— 34* 

,%• 

62* 

20*— 80* 


*  To  determine  whether  a  triclinic  feldspar,  in  a  thin  rock  section,  is  cut  in  the  cone 
0:tf,  the  following  conditions  should  be  fulfilled:  The  position  of  one  of  the  cross- 
hairs in  the  eye-piece  should  coincide  with  a  nicol  plane;  the  nicols  being  crossed,  turn 
the  thin  section  till  the  line  of  separation  between  two  hemitropic  bands  of  the  feldspar 
coincides  with  a  cross-hair;  then  revolf  e  the  stage  till  the  maximum  extinction  of  light 
occun  in  one  set  of  bands,  and  note  the  number  of  degrees  of  revolution;  then  rerolTO 
in  the  opposite  direction  till  maximum  extinction  occurs  in  the  alternate  set  of  bands, 
and  note  the  amount  of  rerolution;  if  the  two  readings  are  equal,  then  the  random  sec- 
tion is  cut  in  the  zone  0:il,  In  practice,  it  is  found  that  where  there  are  nuuiy  feldspar 
iodiridnals  in  a  section,  there  are  almost  always  some  that  happen  to  be  cut  in  the  re- 
qnired  tone. 
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Inasinach  as  the  terms  oligoclase  and  labradorite  now  represent  only 
convenient  snbdivisions  in  the  series  of  isomorphons  mixtures  of  albite 
and  anorthite  substance,  the  corresponding  figures  in  the  table  are  in- 
termediate for  each  subdivision;  and  since  the  maxima  (as  appears  from 
the  table)  increase  with  the  basicity,  observations  on  a  sufficient  num- 
ber of  separate  individuals  should  give  a  more  or  less  exact  determina- 
tion of  the  position  of  the  feldspar  in  the  series.  Practically,  I  have, 
in  my  determinations,  designated  as  oligoclase  those  feldspars  of  which 
several  individuals  in  a  section  gave  angles  between  32*  and  36* ;  as 
labradorite  those  between  36*  and  62";  and  as  anorthite  those  over  62*. 
The  rocks  represented  in  the  four  collections  sent  me  are: 

Diabase. 

Melaphyr. 

Gabbro. 

TJralitic  gabbro. 

TJralitic  diabase. 

Augite-diorite. 

Felsitic  Porphyries. 
Diabase  proper  forms  the  greater  number  of  the  specimens.  The 
different  varieties  of  this  rock  are  dark  in  shade,  varying  from  almost 
black  in  unaltered  specimens  to  dark  green  or  dark  brown,  or  varying, 
minutely  subdivided  mixtures  of  these  colors,  according  to  the  relative 
proportions  of  chlorite  and  ferric  oxide  among  the  decomposition  pro- 
ducts. They  vary  in  texture  from  medium  fine  grain  to  cryptocrystal- 
line,  and  the  fracture  from  uneven  and  hackly  to  conchoidal.  Through- 
out the  copper  district  of  Keweenaw  Point,  the  diabase  occurs  in  beds 
from  a  few  yards  to  several  .hundred  feet  thick,  which  undoubtedly 
represent  great  fissure  overflows.  These  beds  have,  as  a  general  thing, 
three  well  marked  subdivisions. 

L  An  amygduloidal  upper  portion^  containing  originally  small, 
smoothly  rounded  cavities,  rarely  connected,  and  sometimes  drawn  out  in 
long  irregularly  cylindrical  openings,  which  are  always  perpendicular  to 
the  plane  of  bedding.  These  cavities  are  now  almost  always  filled  with 
secondary  minerals,  generally  the  following,  in  combinations:  calcite, 
chlorite,  epidote,  quartz,  prehnite,  lanmontite,  copper,  orthoclase,  or 
their  products  of  alteration. 
IL  A  lower ^  massive  portion  of  the  bed;  and 
IIL  K  pseudo-amygdaloidal  portion  which  is  intermediate  in  posi- 
tion between  the  two  others.  This  part  of  the  bed  is  marked  by  the 
presence  of  secondary  minerals  —  chlorite,  quartz,  prehnite,  calcite  —  in 
forms  which,  to  the  naked  eye,  resemble  those  of  the  amygdaloids,  but 
which,  under  the  microscope,  are  seen  to  occupy  the  places  of  primary 
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constituents  that  have  been  removed.  I  have  described  the  stages  of 
this  change  elsewhere.*  Sometimes  one  or  other  of  these  members  is 
not  present.  In  external  appearance,  the  specimens  of  diabase  in  your 
collections  are  not  to  be  distinguished  from  the  Michigan  varieties. 

Tlie  upper  portion  has,  in  some  places,  undergone  an  extreme  altera- 
tion; large  parts  of  the  bed  have  lost  their  amygdaloidal  character,  and 
now  consist  of  masses  of  quartz,  epidote,  calcite,  prehnite,  chlorite  and 
decomposed  amygdaloid,  associated  in  the  most  irregular  manner.  Such 
are  the  beds  worked  for  copper  on  Keweenaw  Point,  and,  to  judge  from 
the  specimens  sent,  the  same  subdivision  of  the  beds  exists  in  Wisconsin. 

Under  the  microscope,  the  diabase  is  seen  to  have  for  primary  con- 
stituents plagioclase,  augite,  and  an  opaque  black  mineral,  which  may 
be  either  magnetite  or  a  titaniferous  iron  ore.  The  plagioclase  appears 
from  optical  measurements  to  belong  near  oligoclase,  in  the  feldspar 
series.  It  occurs  in  tabular  polysyntlietic  crystals,  whose  long,  narrow 
sections  arc  scattered  confusedly  through  the  section,  while  the  spaces 
between  the  crystals  are  occupied  by  augite;  the  augite  in  each  space 
generally  giving  the  integral  polarization  which  indicates  a  single  indi- 
vidual. In  ordinary  light,  the  augite  is  distinguishable  from  the  plagio- 
clase by  its  very  faint,  delicate  violet-gray  color,  and  by  its  anastomosing 
cracks.  The  sharpness  with  which  it  fills  the  interstices  between  the 
feldspar  crystals  shows  that  it  crystallized  after  them. 

The  magnetite  occurs  in  small  grains,  rarely  with  an  appearance  of 
crystal  outlines. 

In  the  occurrences  represented  by  the  above  description,  the  augite 
occupies  a  very  prominent  position;  but  there  is  another  variety  in 
which  it  occurs  only  as  a  very  subordinate  constituent  and  in  mi- 
nute grains,  whose  contours  are  not  determined  by  the  feldspar  crys- 
tab.  This  internal  difference  is  accompanied  by  marked  external  char- 
acteristics; the  rock  is  light  or  dark  gray  or  black,  very  compact,  and 
with  a  conchoidal  fracture.  This  variety,  which  is  generally  almost 
unaltered,  forms  the  traps  of  the  "Ash-bed  "  series,  on  Keweenaw  Point, 
and  is  represented  by  the  lower  part  of  Nos.  65  and  66,  Eagle  Eiver 
section,  while  the  lighter  forms  resemble  the  rocks  east  of  the  Hunga- 
rian mine,  in  Houghton  county.  To  this  variety  belong:  9,  University 
collection;  386,  393,  426  and  435,  Strong  collection;  7  and  8,  Sweet 
collection. 

Helaphyr.  Among  the  "Wisconsin  specimens  from  which  I  have 
cut  thin  sections,  I  have  found  but  one  variety  of  melaphyr;  and  that 
one  is  identical  in  all  its  characteristics,  external  and  microscopic,  with 

*  Metasomadc  Development  of  the  Copper-Bearing  Rods  of  Lake  Superior.  Proc 
of  the  Amer.  Acad.  Arts  and  Sciences,  Vol.  XIII,  p.  268  (1878). 
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the  rock  which,  on  Keweenaw  Point,  under  the  name  of  "  The  Oreen- 
«toneJ^  extends  as  a  high  and  picturesque  ridge,  with  a  vertical  southern 
escarpment,  from  Point  Keweenaw  to  near  the  Calumet  mine.  I  can- 
not describe  this  rock  better  than  by  quoting,  with  slight  changes,  my 
former  description  of  it  from  the  paper  already  cited. 

"  In  its  fresh  state  it  is  dark-green,  or  greenish-black,  finely  crystal- 
line, very  compact,  hard  and  brittle,  and  breaks  with  an  uneven  to 
semi-conchoidal  fracture.  The  powder  of  the  rock  yields  to  the  magnet 
a  beard  of  magnetite.  The  specific  gravity  is  2.90-2.95.  It  is  an  im- 
portant characteristic  of  this  rock,  that  its  freshly  fractured  surface  is 
mainly  occupied  by  spots  one-sixteenth  to  three-fourths  of  an  inch  in 
diameter,  each  of  which  reflects  the  light  with  a  satin-like  sheen.  The 
reflection  is  not  carried  to  the  eye  from  all  the  spots  at  once;  it  is  gen- 
erally necessary  to  change  the  position  of  the  specimen  many  times  to 
observe  the  different  reflections.  Aside  from  this  sheen,  there  is  noth- 
ing, either  in  diflference  of  color  or  texture,  visible  to  the  naked  eye,  to 
betray  the  presence  of  these  spots,  which  might  be  called  lustre-mot- 
tlings.  To  the  naked  eye,  this  phenomenon  suggests,  at  once,  inter- 
rupted cleavage  of  large  individuals  of  one  of  the  constituents,  as  the 
cause;  but  under  a  strong  hand-glass,  these  reflecting  surfaces  show 
the  same  granular  texture  and  character  as  the  rest  of  the  rock;  and 
it  is  only  when  examined  under  the  microscope,  with  an  objective  of 
low  power  and  in  polarized  light,  that  the  appearance  to  the  unaided 
eye  is  corroborated.  "We  here  find  the  cause  in  the  fact  that  each  spot 
is  the  cross-fracture  or  cleavage  of  a  crystal  of  pyroxene,  whi<5h,  in 
crystallizing,  has  enclosed  hundreds  of  feldspar  crystals.  The  weath- 
ered surface  is  rusty  gray,  scarcely  one-fiftieth  of  an  inch  thick;  but  it 
is  covered  with  knobs,  which  are  due  to  the  more  rapid  destruction  of 
the  materials  between  the  pyroxene  individuals.  Examining  thin  sec- 
tions under  the  microscope,  we  find  the  constituents  to  be  plagioclase, 
pyroxene,  olivine,  and  the  alteration  product  of  the  latter,  as  well  as 
magnetite,  and  an  unindividualized  substance,  both  fresh  and  altered, 
occupying  interstices.  In  thin  sections,  the  plagioclase  is  seen  to  exist 
in  very  sharply  defined,  and  fresh,  thin,  tabular  crystals,  .001  to  .002 
inches  thick,  and  .01  inch  and  less  long.  It  contains  scattering  inter- 
positions of  an  opaque  black  substance,  and  minute  brown  particles, 
which  may  be,  or  have  been,  glass.  The  crystals  of  plagioclase  have  pre- 
determine! the  contours  of  all  the  other  constituents,  except  the  olivine, 
which  crystallized  first  The  predominating  feldspar  is  near  anorthite, 
as  determined  by  the  angle  between  the  principal  sections.  Occasional 
exceptionally  large  individuals,  evidently  cut  nearly  in  the  plane 
t{,  have  their  principal  sections  at  an  angle  of  23'',  with  the  edge  0:  tl, 
Vol.  in.-3 
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which  would  indicate  albite  or  labradorite.  The  augite  is  very  fresh 
and  transparent,  almost  colorless  in  the  thin  section,  but  with  a  tend- 
ency to  purple-gray.  An  imperfect  cleavage  is  indicated  by  somewhat 
irregular  parallel  fractures.  It  fills  the  interstices  between  the  closely- 
packed  individuals  of  feldspar  in  such  a  manner  that  a  single  pyroxene 
crystal  encloses  many  hundreds  of  these,  while  its  crystalline  integrity 
is  shown  by  the  uniform  color  in  polarized  light,  and  by  the  arrange- 
ment of  the  cleavage  cracks  throughout  the  area  of  the  augite  individual. 
It  is  a  remarkable  fact  that,  while  these  large  individuals  of  pyroxene 
contain  thousands  of  feldspar  crystals,  they  enclose  only  very  few  of 
olivine  or  of  magnetite.  These  minerals,  together  with  the  unindivid 
ualized  substance,  are  crowded  into  the  spaces  between  the  pyroxenes. 
In  this  intermediate  space,  which  surrounds  the  pyroxene  individuals 
with  a  continuous  network,  we  find,  also,  a  few  small  pyroxenes,  just  as 
isolated  grains  of  olivine  occur  in  the  pyroxene  areas.  A  careful  ex- 
amination of  this  occurrence  will,  I  think,  convince  the  observer  that, 
at  the  time  the  pyroxene  crystallized,  both  the  olivine  and  the  feldspar 
crystals,  and  apparently  the  magnetite,  were  already  individualized;  for 
where  we  find  any  of  these  in  contact  with  the  augite,  we  find  that  the 
latter  has  adapted  itself  to  the  already  defined  contours  of  the  others. 
While  the  augite  enclosed  the  feldspar  crystals  with  ease,  it  crowded 
the  other  constituents  almost  wholly  into  the  surrounding  spaces;  a 
process  which  was  facilitated  by  the  presence  of  the  then  fiuid  unindi- 
vidualized  substance.  The  magnetite  is  in  irregular- shaped  bodies,  which 
mould  themselves  sharply  around  the  contours  of  the  feldspar  and  olivine. 
The  olivine  is  abundant  in  grains  and  roughly  outlined  crystals,  but  as 
a  rule,  however  fresh  the  melaphyr  may  otherwise  be,  the  olivine  is 
partly  or  wholly  altered." 

The  best  type  of  this  rock  in  the  Michigan  copper  district  is  bed  No. 
108,  Eagle  River  section;  but,  in  a  less  conspicuous  form,  with  the 
lustre-mottlings  less  than  an  eighth  of  an  inch  in  diameter,  and  generally 
much  altered,  it  forms  a  considerable  portion  of  the  trap-beds  of  Kewee- 
naw Point;  and,  to  judge  from  the  collections  of  the  Wisconsin  Greolog- 
ical  Survey,  it  is  also  widely  distributed  in  the  Keweenawan  area  of 
that  state.  No.  400,  of  Mr.  Strong's  collection,  is  a  typical  specimen. 
The  first  constituent  to  undergo  a  change  is  the  olivine;  and  where  this 
change  has  been  accompanied,  as  is  usual,  by  a  change  of  the  ferrous 
oxide  to  the  ferric  state,  the  rock  presents  a  true  color-mottling,  dark 
greenish  spots  corresponding  to  the  augite  areas,  surrounded  by  red  or 
dark  brown  alteration  products  of  the  olivine  which  abounded  in  the 
spaces  between  the  augite  crystals.  In  many  instances,  the  whole  rock 
has  been  permeated  with  the  red  iron-stain,  giving  it  a  rich  liver 
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browii  color,  as  in  No.  427  of  Mr.  Strong's  collection,  which  also  con- 
tains psendo-amygdules  of  chloritic  substance. 

Coarse  Grained  Rocks,  There  are,  among  the  collections  of  the 
Wisconsin  Geological  Survey,  a  number  of  specimens  that,  both  ex- 
fiiiniiUji  and  under  the  microscope,  resemble  some  of  the  rocks  which 
overiie  thesa-cftUed  "Greenstone,"  or  great  melaphyr  horizon,  108  of 
the  Eagle  Eiver  sectiOB^ou  Keweenaw  Point.  These  rocks,  with  a  tol* 
erably  coarse  grain,  contain  a  ¥«fy  basic  feldspar — labradorite  or  anor- 
thite  —  while  the  pyroxene  shows  evety  gradation  in  structure  from  au- 
gite  to  diallage.  Thus,  93  (University  collectioa)  resembles  the  dark  type 
of  107,  Eagle  River  section;  158  (University  collection)  resembles  the 
light  type  of  107,  Eagle  Eiver  section.  These  rocks  seem  to  stand  as  a 
variety  of  diabase  between  diabase  proper  and  gabbro. 

Another  variety,  No.  26  (Sweet  coll.),  and  No.  202  (IiTing  coll.),  is 
identical  in  character  with  No.  94,  Eagle  Biver  section.  It  is  a  medium 
coarse-grained  rock,  externally  resembling  a  syenite.  To  the  naked  eye,  it 
appears  to  consist  of  red  feldspar  in  elongated  crystals,  some  of  which 
show  no  striation  under  the  hand-glass,  and  of  irregularly-shaped  spots 
of  a  dark-green  chloritic  substance,  with  more  or  less  magnetite  and 
particles  of  pyrite.    Specific  gravity,  2.76. 

Under  the  microscope,  we  find  it  to  be  much  altered;  its  constituents 
stand  revealed  as  oligoclase,  and  probably  orthoclase,  with  augite  or  dial- 
lage, which  is  mostly  altered  to  a  dark-green  chloritic  substance;  coarse 
apatite  in  numerous  comparatively  large  crystals,  and  some  magnetite. 
Besides  these,  there  is  considerable  quartz,  which  occurs  under  condi- 
tions which  make  it  appear  to  be  a  replacer  of  feldspar.  The  alteration 
resembles  closely  that  of  the  rock  of  bed  94,  Eagle  Biver  section,  which 
I  have  described  in  the  above  mentioned  paper. 

Gabbro*  True  gabbros  are  represented,  in  the  collections  sent  me, 
by  several  specimens.  Here  belong,  especially,  164  (University  coll.), 
23  (Sweet  colL),  86  (Irving  coll.),  158  and  6  (University  coll.),  205 
and  206  (Irving  coll.).  In  some  specimens  the  pyroxenic  constituent 
is  associated  with  one  or  more  kinds  of  amphibole;  and  while  in 
some  instances  this  last  appears  to  be  primary  hornblende,  in  others, 
it  is  clearly  a  paramorphic  product  of  the  pyroxene.  Thus  specimen 
137  (University)  contains  a  highly  dicbroitic  hornblende  which  has 
the  appearance  of  being  a  primary  constituent;  in  addition  to  this, 
it  contains,  besides  diallage,  a  true  augite,  which  is  associated  with 
uralite,  into  which  it  appears  to  be  changing.  Here,  too,  belongs, 
perhaps,  the  exceedingly  interesting  uralitic  rock,  No.  119  (University 
coll.).  This  is  an  even  and  medium-grained  dark  green  rock,  which 
would  formerly  have  passed  for  a  typical  granular  hornblende  rock. 
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Under  the  microscope,  it  exhibits  tabular  ciystals  of  labradorite.  Tlie 
spaces  between  these  are  wholly  occupied  bj  a  pyroxene,  which  is 
marked  by  a  well-defined  cleavage,  but,  perhaps,  with  less  lamination 
than  diallage,  and  this  mineral  is  largely  changed  to  uralite.  Tlie  par- 
amorphic  relation  of  the  two  minerals  could  hardly  be  better  exempli- 
fied than  in  this  rock  These  rocks  seem  to  belong  with  that  described 
by  Streng,^  under  the  name  homhlende-gahhro^  as  occurring  on  the  St. 
Louis  river  at  Duluth.  The  only  rock  of  this  class  that  I  remember  to 
have  seen  in  the  Keweenawan  area  of  Michigan  is  near  the  center  of  the 
south  half  of  Sec.  6,  T.  45,  R.  46,  on  Black  river,  where,  to  judge  from 
the  condition  under  which  it  occurs,  I  think  there  can  be  little  doubt 
of  its  post-Huronian  age. 

On  the  Menomonee  river  (between  Michigan  and  Wisconsin)  there 
occurs,  as  the  barrier  rock  causing  the  Sturgeon  Falls  and  Bequenesec 
Falls  and  intermediate  cataracts,  a  gabbro  which  also  contains  some 
hornblende,  and  in  which  the  feldspar  has  changed  to  saussurite.  The 
position  of  this  rock,  which  I  have  observed  at  various  points  along  a 
distance  of  twenty  miles,  is  high  up  in  the  Huronian,  being  No.  XV  of 
Major  Bropks'  series.  But  it  remains  to  be  shown  whether  it  is  inter- 
bedded  or  whether  it  occurs  as  a  dyke. 

There  are  two  specimens,  Kos.  96  and  187,  University  collection,  that 
are  very  interesting  as  being  intermediate  between  diabase  and  diorite.  I 
have  designated  them  as  augite-diorite,  since  both  the  augite  and  horn- 
blende appear  to  be  primary  constituents.  I  know  of  no  rock  in  the 
Keweenawan  of  Michigan  that  in  any  way  resembles  these.  It  would 
be  interesting  to  dietermine  whether  these  rocks  are  intermediate  stmti- 
graphically  as  well  as  lithologically  between  the  diorites  of  the  Huron- 
ian and  the  diabases  of  the  Keweenawan. 

The  question  of  the  relative  ages  of  the  various  eruptive  rocks  of  the 
Wisconsin-Michigan  district  is  one  of  great  intei'est.  We  have  here 
vast  areas  of  eruption  occupied  by  rocks  of  every  degree  of  acidity, 
and  dating  from  Archcean  time.  It  is  here,  if  anywhere,  that  the  law 
of  succession  of  volcanic  rocks,  established  for  the  Tertiary  eruptions 
of  the  Eocky  mountains  by  Richthofen  and  King,  can  be  tested  upon 
these,  the  oldest  known  eruptions  on  the  globe.  Much  remains  to  be 
done  before  this  can  be  attempted. 

While  the  absolute  identity  of  the  diabases  and  melaphyr  and  of 
their  varieties  and  amygdaloids,  and  of  the  interbedded  porphyry  con- 
glomerates of  the  Wisconsin  area  with  those  of  Keweenaw  Point,  is 
evident,  I  am  struck  by  the  comparative  scarcity  in  the  former  of  on€ 

>  Neaes  Jahib.  fOr  Mineralogie,  etc.,  1877,  p.  113. 


Digitized  by 


Google 


LITHOLOGY  OF  THE  KEWEENAWAN  SYSTEM.  37 

of  the  most  important  forms  of  alteration  that  abounds  in  Michigan;  I 
have  found  in  tiie  four  collections  but  one  instance  of  change  of  feld- 
spar to  prehnite. 

The  presence  of  pyrite  in  small  grains  in  many  specimens  is  also  re- 
markable, because  it  may  be  said  to  be  practically  unknown  in  the 
rocks  of  Keweenaw  Point  The  very  interesting  rocks  from  Taylor's 
Falls  and  the  St  Croix  river,  are  somewhat  different  from  the  Kewee- 
nawan  rocks  of  Keweenaw  Point  By  some  mistake,  no  sections  of  these 
were  cut.  But  the  rocks  of  that  region  have  been  elaborately  described 
by  Streng  and  Kloos.* 


MICEOSCOPIO  DESCEIPTIONS. 

[Note.— U.  M.  standafor  ''Under  the  Microscope.*'] 
UNIVEKSnr  COLLECTION. 

No.  1.  Obscure,  but  possibly  a  much  altered  diabase  of  the  Kewee- 
naw series,  indurated  with  quartz. 

No.  2.  Dia^base;  very  compact,  black,  microcrystalline  rock;  con- 
choidal  fracture.  U.  M.:  lahradorite  in  small  strips;  auffite  in  small 
grains;  ffreen  substance  scattered  in  clouds  of  granular  masses;  re- 
sembles the  compact  rocks  of  the  "Ashbed  series"  on  Keweenaw 
Point 

No.  3.  Eed  crystalline  rock,  showing  to  the  naked  eye  a  mass  of  red 
granular  orthoclase,  mottled  with  dark  green.  U.  M.:  orthoclase^ 
often  almost  wholly  changed  to  a  colorless,  nearly  or  quite  amorphous 
substance;  plagioclase  (oligoclase  or  dlbite)  in  smaller  individuals. 
The  rock  is  impregnated  with  quartz^  apparently  secondary,  chlorite 
and  calcite,  and  stained  red  with  ferric  oxide. 

No.  4.  Dl^ase;  greenish,  highly  altered  diabase.  Sp.  Gr.  2.86. 
U.  M.:  oligoclase  much  altered;  augite  in  scattering  remnants;  titan- 
iferous  irorij  mostly  altered  to  an  opaque,  white  substance.  Secondary 
minerals  are  chlorite^  epidote^  quartz. 

No.  5.  Obscure;  both  to  the  naked  eye  and  U.  M.:  resembles  a 
felsite. 

No.  6.  Gabbbo;  coarse-grained  rock.  Sp.  Gr.  2.89.  U.  M.:  jpla- 
gioclasej  and  apparently  some  oi'thoclase;  atf^itCy  approaching  diallage 
in  structure.  This  rock  resembles  externally  No.  205  (Irving),  and  a 
Keweenawan  gabbro  from  Sec.  6,  T.  47,  R.  46,  Michigan. 

^  Leonhard  and  Geinitz  Neues  Jahrb.,  pp.  31, 131,  225,  1877.  See  subsequent  page 
of  this  volume,  for  a  translation  in  full  of  Streng  and  Eloos'  description. 
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Xo.  9.  Diabase;  black,  compact,  fine-gnuoed  rock;  snb-^oncboidal 
fractare.  Sp.  Gr.  2.98.  U.  M.:  cligochue;  axigiU,  in  aggr^ated 
grains;  magnetite  or  titaniferous  iron. 

Xo.  13.  Ubautic  Diabase;  fine-grained,  dark  gray  rock;  eondioidal 
fracture;  contains  pjrite.  Sp.  Gr.  3.02.  XT.  K.:  oligodase/  <»iginal 
homhlendej  in  twinned  crystals;  augite;  vrdlite;  little  magnetite. 

No.  22.  Diabase.    Sp.  Gr.  2.85.    U.  M.:  oligodaee;  augite;  little 
magnetite;  some  chlorite. 
Xo.  24.  Red  FEUsinc  Pokphtbt. 

Xo.  26.  PeEin>o-AxTODAi/>iDAL  Diabase;  typical  Keweenawan.  U. 
M.:  anorthite;  augite.  CTontains  psendo-amjgdules  of  chlorite  and 
calcite. 

Xo.  40.  Diabase.  Sp.  Gr.  2.8L  U.  M.:  Idbradorite;  augite;  psendo- 
amygdaloidal  chlorite. 

Xo.  63.  Pseudo-Amtodaloidal  Diabase.  Sp.Gr.  2.90.  XJ.M.:  olig 
oclascj  largely  altered  to  chlorite;  augitcy  abundant  and  fresh;  magne- 
titey  in  small  irregular  forms,  apparently  filling  cracks;  psendo-amyg- 
dules  of  chlorite. 

Xo.  81.  Altered  Melaphtb;  very  fine-grained;  lustre-mottling  of 
minute  greenish  spots,  ^  inch  in  diameter,  surrounded  by  brown  alter- 
ation products.  U.  M.:  plagiocUieej  fresh,  but  the  section  too  thick 
for  measurement;  attgiteytresh]  highly  altered  olivine. 

Xo.  87.  Melaphtb;  fine-grained;  Instre-mottlings  -^X/o\  inch  in 
diameter.  Sp.  Gr.  2.87.  U.  AL:  anorthite;  augitCy  exactly  as  in  108, 
Eagle  lUver  section,  and  very  fresh;  chry$olitey  mostly  or  wholly  altered 
to  the  characteristic pseudomorphous  substance;  but  little  magnetite. 

Xo.  93.  Diabase.  Sp.  Gr.  2.96.  U.  M.:  anorthite;  augite  tend- 
ing to  diallage;  apparently  a  yery  little  altered  magma.  Hesembles 
somewhat  Xo.  107  (dark  variety),  Eagle  River  section. 

Xo.  96.  Auomo  Diobite;  fine-grained,  dark-gray  rock;  externally 
appears  to  coneist  of  feldspar  and  hornblende.  Sp.  Gr.  3.08.  XT.  M.: 
oligoclase;  hornblende  mostly  primary;  augitCy  much  broken;  some 
magnetite. 

Xo.  119.  Ubautio  Gabbeo;  medium-grained,  dark  green  rock;  ex- 
ternally resembles  a  hornblende-rock.  V.  M.:  Idbradorite;  augitCy 
mostly  changed  to  uralite;  some  magnetite.  While  some  of  the  mag- 
netite may  be  original,  much  of  it  is  apparently  connected  with  the 
paramorphic  change  from  augite  to  uralite.  Some  of  the  hornblende 
may  possibly  be  original. 

Xo.  134.  Ubautic  Gabbbo.  XT.  M.:  anorthite;  augite;  uralite; 
chlorite.  The  anorthite  contains  the  same  parallel,  short,  rod-like  in- 
clusions that  abound  in  the  Laurentian  labradorite  from  Labrador. 
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No.  137.  Horxblende-Gabbbo;  fine-jifrained,  dark  greenish-brown; 
the  glass  reveals  hornblende  and  a  triclinic  feldspar;  weathers  green 
and  brown,  and  disintegrates  to  an  angnlar  sand.  Sp.  Gr.  3.21.  U.  M.: 
lahradorite;  original  hornblende  (highly  dichroitic);  aiigite;  uralite; 
diaUage;  magnetite. 

No.  154.  Felsitio  Pobphyry. 

No.  155.  DioRiTB  OB  Diabase;  dark  green,  highly  altered  rock;  por- 
phyritic,  with  thin  tabnlar  crystals  of  red  plagioclase.  Sp.  Gr.  2.93. 
U.  M.:  almost  wholly  altered  to  quartz^  chlorite  and  calcite;  resem- 
bles the  decomposed  diabases  of  Marquette  and  L'Anse,  Mich. 

No.  156.  Auorno  DiosrrE?  Sp.  Gr.  3.07.  TJ.  M.:  granular  f eld- 
spar;  augite  in  grains  and  long  individuals;  Jwrnblende  in  grains 
similar  to  those  of  aiigite;  magnetite. 

No.  157.  UBALmo  Gabbbo.  Sp.  Gr.  2.90.  Medium-grained,  dark 
rock.  U.  M. :  pUigiocla%e  (Idbradorite)y  in  long  crystals,  and  seemingly 
another  feldspar,  younger  and  with  undefined  outlines;  uralite  (mostly 
changed  to  chlorite  and  associated  with  quartz)^  occupying  the  wedge- 
shaped  interstices;  magnetite. 

No.  158.  Ubalitio  Gabbbo.  Sp.  Gr.  2.81.  Coarse-grained,  light 
gray  rock,  consisting  under  the  loupe  of  pearly  white  triclinic  feldspar; 
a  dark  green  fibrous  mintjxil  and  some  magnetite.  U.  M. :  plagioclase 
(Idbradorite);  little  diaUage^  and  this  mostly  changed  to  uralite; 
magnetitef 

No.  159.  Gabbbo.  Sp.  Gr.  2.85.  U.  M.:  plagioclase  (anorthite); 
diallage;  magnetite;  actinolite^  apparently  an  alteration  product  of  the 
diallage,  and  occurring  as  in  the  gabbro  of  Yolpersdorf,  in  Silesia;  a 
serpentine-like  substance^  apparently  an  alteration-product  of  diallage 
or  actinolite.  ' 

No.  162.  FELsmo  Poephyby. 

No.  164.  Gabbbo.  Fine-grained,  dark  gray,  lustrous  rock.  Pearly- 
white,  thin,  tabular  crystals  of  triclinic  feldspar,  i  to  J  inch  long,  and 
isolated  flakes  of  brown  mica  lie  in  the  fine-grained  feldspar- augite 
matrix;  weathers  yellowish  gray.  IT.  M.:  plagioclase  (anorthite); 
diallage;  magnetite;  a  little  hiotite. 

No.  168.    Eed  Felsitio  Pobphtey. 

No.  187.  Auomo  DiosriE.  Black,  medium-grained.  Externally, 
appears  to  consist  of  hornblende,  mica,  and  a  little  feldspar.  Bcsem- 
bles  a  lustrous  hornblende-rock.  U.  M.:  plagioclase  (lalradorite); 
abundant  hornblende;  some  augite;  magnetite;  mica.  Eesembles 
96  (University). 
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IBVINO  COLLECTION. 

No.  65.  NoN-QuABTziFEBOus  PoBPHTEY.  BrowD,  with  long  thin 
plates  of  red  feldspar.  Sp.  Gr.  2.75.  U.  M.:  triclinio  feldspar 
(oligocla8e)y  much  altered  to  aggregates  of  chlorite;  some  isotrope 
areas. 

No.  37.  QuAKTZ-PoEPHTRY.  Weathered  brown;  contains  grains  of 
quartz  and  crystals  of  red  feldspar,  highly  altered  to  a  light  green 
substance.  U.  M.:  felsitio  hase^  with  abundant  grains  of  quartZy  into 
which  club-shaped  masses  of  the  base  often  project.  The  altered  feld- 
spar grains  still  show  feeble  polarization,  but  are  full  of  holes,  and  are 
partly  replaced  by  a  colorless  mineral,  which  revolves  brilliant  between 
crossed  nicols,  with  a  minute  aggregate  polarization,  kaolin  f 

No.  42.    Similar  to  No.  37. 

No.  66.    FELsmo  Porphyry. 

No.  86.  Gabbro.  Eesembles  No.  205,  Irving;  very  coarse-grained, 
light  gray  rock;  thin  broad  crystals  of  triclinic  feldspar;  weathers 
gray,  and  shows  the  augite  on  the  weathered  surface.  U.  M.:  lahra- 
dorite;  the  individuals  often  crushed  and  displaced,  and  the  spaces 
occupied  by  fibrous  aggregates  of  a  green,  slightly  dichroitic  mineral, 
uralite;  augite  occurs  in  exactly  the  same  manner  as  the  uralite,  which 
is  probably  derived  from  it;  magnetite  or  titaniferous  iron. 

No.  112.  Gabbro,  Coarse-grained,  greenish  rock.  JJ,^,:  plagio- 
clase;  Bome  orthoclase;  magnetite  or  titaniferotts  iron/  chlorite^proh- 
ably  product  of  alteration  of  feldspar;  hornblende.  Eesembles  the 
homblcnde-gabbro  of  Sec.  5,  T.  47,  R.  46,  Michigan. 

No.  130.  Altered  Dl^ase.  Dark  brown,  easily  cut.  U.  M.:  no 
feldspar  left;  matrix  changed  to  ferruginous  laumontite^  in  which  the 
real  amygaloidal  cavities  are  filled  with  laumontite  and  some  calcite. 

No.  138.  XJ.  M.:  essentially  a  mass  of  minute  tabular  feldspar 
crystals,  of  which  some  show  twinning,  stained  brown  with  particles  of 
iron  oxide.    Sp.  Qr.  2.38. 

No.  139.  Diabase.  U.  M.:  lahradorite;  augite;  chrysolite  tiered; 
altercttion-product  of  augite. 

No.  162.    Quartz-Porphyry. 

No.  202.  Dl^ase.  Coarse-grained,  red  rock,  spotted  with  green. 
Externally  it  appears  to  consist  of  red,  triclinic  feldspar,  dark  green 
chlorite,  some  magnetite  and  a  little  pyrite.  Sp.  Gr.  2.76.  U.  M.: 
oligoclasey  stained  red;  possibly  some  orthoclase;  some  diallage^  but 
this  is  mostly  altered  to  a  dark  green  substance.  The  feldspar  is  col- 
ored rod  with  iron,  often  impregnated  with  chlorite,  and  in  places 
apparently  replaced  by  quartz  and  chlorite.    It  contains  apatite  in 
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long  crystals.  It  is  similar  to  No.  26,  Sweet,  and  resembles  No.  94, 
Eagle  Eiver  section,  Mich, 

No.  205.  Gabbro.  Eesembles  externally  No.  86,  Irving.  Sp.  Gr. 
2.83.  U.  M.:  Idbradorite  [in  sections  cut  at  random  in  the  zone  0:  il 
the  angle  between  the  points  of  extinction  of  light  ranged  from  32" 
to  50*;  a  section  cut  independently  and  carefully  parallel  to  (?,  gave 
12*  to  14*];  orihocloBe;  augite;  diallage^  often  in  twinned  plates. 
The  diallage  is  perhaps  a  paramorphous  product  of  the  augite,  of 
which  it  often  forms  the  outer  part  to  a  considerable  depth.  Except  in 
absence  of  hornblende,  resembles  the  gabbro  of  Sec.  5,  T.  47,  E.  46  W., 
Mich. 

No.  245.  Diabase-Pseudo-Amygdaloid.  Sp.  Gr.  2.93.  U.  M.:  olig- 
oclase;  augite  in  aggregated  grains;  chlorite^  in  rare  and  small  pseudo- 
-amygdules. 

STEONG  OOLLECmON. 
No.  309.    QUAETZIFEKOUS  PORPHTEY. 

No.  316.  Diabase;  fresh,  very  compact,  and  basalt-like  rock.  IT.  M.: 
oligoclase;  augite  in  grains;  particles  of  magnetite. 

No.  335.  DiABASE-PsEUDO- Amygdaloid.  U.  M.:  lahradorite  or 
anorthite;  augite  occupying  sharply  the  interstices  between  the  feld- 
spars, more  or  less  red-stained,  and  in  places  altered  to  a  red  product. 

No.  365.  Melaphyb.  U.  M.:  labradorite  or  anorthite;  augite  in 
large  individuals  enveloping  the  feldspar  crystals;  little  or  no  mag- 
netite; red  alteration-product  of  chrysolite,  Resembles  108,  Eagle 
Kiver  section,  Mich. 

Nos.  379,  380,  381,  382,  383,  388.  A  series  of  rocks  which,  in  a 
greenish-gray,  fine-grained  matrix,  have  a  greater  or  less  amount  of  red 
feldspar  in  porphyritic  crystals,  -^  and  \  inch  in  diameter,  which  have, 
at  least  in  part,  the  striation  of  a  triclinic  variety.  Sp.  Gr.  2.90,  generally. 
U.  M.,  the  large  crystals  show  a  polysynthetic  structure,  consisting 
of  broad  and  narrow  bands,  while  the  ground-mass  is  made  up  of  tab- 
nlar  crystals  of  plagioclase  (oligoclase)y  actinolitey  and  grains  of 
epidote;  and  pseudo-amygdaloidal  chloritic  substance.  The  rock 
has  not  much  similarity  to  any  Keweenawan  occurrence  that  is  known 
to  me.  Externally,  it  resembles  somewhat,  if  I  may  trust  my  memory, 
a  series  of  Keweenawan  rocks  east  of  the  Hungarian  mine  on  Kewee- 
naw Point,  which  have  not  been  examined  under  the  microscope. 

No.  386.  Diabase;  black,  aphanitic;  conchoidal  fracture.  U.  M.: 
oJAgoclase;  grains  of  augite;  magnetite;  pseudo-amygdules  of  chlorite^ 
witji  a  little  quarts. 

No.  393.     Diabase;  black  aphanitic  rock;  weathers  dirty  gray.    U. 
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M.:  plagiocUue^  predominant;  grains  of  angite;  magnetite.  Besem- 
bles  some  of  the  **  Ash-bed  "  traps,  Keweenaw  Point 

Ko.  400.  Melaphtb.  U.  M.:  augite^  in  large  individuals  inclosing 
conntless  small  crystals  of  labradorite  or  anorthitey  and  many  grains 
of  chrysolite  mostly  altered  to  a  soft  green  substance;  magnetite^ 
chiefly  in  the  spaces  between  the  migitee;  pseudo-amygdules  of  chlo- 
ritic  substance.  Eesembles  exactly  Ko.  108,  Eagle  Kiver  section, 
Michigan. 

Xo.  404.  Diabase.  U.  M.:  oligodaee;  augitey  filling  the  spaces 
between  the  feldspars,  much  of  it  altered  to  a  green  substance.  Sp. 
Gr.  2.87. 

Xo.  426.  Diabase;  fine-grained,  black  rock;  conchoidal  fracture; 
weathers  dirty-gray.  U.  M.:  oligoclaee;  at^gite^  in  grains;  hornblende 
in  few  small  grains;  magnetite, 

Xa  427.  Melaphtb;  with  abundant  grains  of  altered  chrysolitey 
producing  a  very  red  color.  Sp.  Gr.  2.90.  U.  M.:  plagioclaee  and 
augite  quite  fresh;  small  pseudo-amygdules  of  cA^rii^^. 

No.  429.    Same  as  427,  Sp.  Gr.  2.93. 

Xo.  435.  Diabase.  U.  M.:  plagioclase;  augite  in  small  individ- 
uals; magnetite;  resembles  Ashbed  traps,  Keweenaw  Point 

SWEET  COLLECnOX. 

No.  7.  Diabase;  very  fine-grained,  almost  black  rock,  with  con- 
choidal fracture.  Sp.  Gr.  2.93.  U.  M.:  plagioclase  altered  and  ob- 
scure; aw^i^^  in  smdl  grains;  magnetite;  impregnated  with  calcite. 

No.  8.  DiABASE-PSKCDO- AMYGDALOID.  Sp.  Gr.  2.84.  U.  M.i  plagio- 
dasej  porphyritic  and  in  small  crystals;  augite  wholly  altered. 

No.  11.  Diabase;  dark-green,  fine-grained  rock,  much  broken  up, 
and  having  all  cracks  coated  with  chlorite.  Under  a  hand-glass,  crys- 
tals  of  triclinic  feldspar  and  magnetite  are  seen  in  a  dark-green  matrix. 
Sp.  Gr.  2.83.  TT.  M.:  anorthite;  augite.  The  augite  has  been  wholly 
altered,  and  each  individual  of  this  is  now  represented  only  by  a  network 
in  which  the  meshes  are  occupied  by  a  carbonate,  while  the  reticulation 
is  formed  by  a  single  individual  of  chlorite,  which  gives  an  integral 
polarization  throughout  the  whole  network  of  a  former  augite  crystal; 
this  chlorite  usually  shows  strictly  parallel  cleavage  cracks,  though  not 
very  near  together,  and  the  mineral  becomes  dark  when  these  coincide 
with  a  nicol-plane.  In  some  instances  (and  there  are  then  no  cleavage 
cracks),  the  mineral  remains  dark  through  a  revolution.  It  is  therefore 
probably  a  uniaxial  chlorite.  The  same  change,  though  to  a  less 
degree,  has  affected  the  feldspar,  with  this  difference,  that  here  the 
chlorite  product  has  the  fibrous  aggregate  structure  common  to  the 
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psendo-amjgdaloidal  chlorite;  and  there  is  less  chloritic  product,  and 
often  only  the  carbonate. 

No.  12.  Diabase;  fine-grained  rock;  conchoidal  fracture;  deli- 
cately speckled  brown,  and  light  and  dark  green.  Sp.  Gr.  2.97. 
TJ.  M.:  oligocUise;  augite;  largely  altered  to  a  red  transparent  sub- 
stance, magnetite;  peevdo-dmygdutes  of  light  green  epidotef;  and 
a  soft  dark  green  chloritic  substance,  and  some  caldte.  Minute 
grains  which  have  a  color  and  lustre  of  metallic  copper,  but  which  are 
perhaps  due  to  a  laminated  structure  of  the  alteration-product  of  the 
augite. 

No.  18.  Diabase.  U.  M.:  oligoclaae;  augite^  large  individuals, 
inclosing  ra?j\j  feldspar  crystals;  perhaps  a  little  chrysolite;  magnetite; 
psettdo-amygdulea  of  chloritic  substance. 
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CATALOGUE  OF  COLLECTIONS  EXAMINED. 

Specimens  examined  nnder  the  microBcope  tre  marked  with  a  *. 


UNIVERSITY  COLLECTION. 
Made  by  Colokxl  Chas.  WinmjBSKT,  1880. 


No. 

2' 


3* 

4* 
5* 
6* 
9 

13* 

22* 

24 

26* 


40* 
48 

49 

51 
62 
63^ 

64 

77 
78 
79 

80 
«1* 

82 
83 
84 

87' 
89 
90 
93' 

96' 
113' 
116 
119* 
134* 
137* 
150 
154* 
155* 


Place. 


Name,  etc 


Or,  See. 


P, :::: 


N.W. 


S.E.cor. 

SK-... 

N.E.  S.E. 

N.W.  cor. 

S.W. 


N.W.  cor. 
S.W... 
N.E.... 
B.8ide.. 

(I)  Near  No.  4. 


See, 
26 

24? 


24 
34 


34 
2 

34? 
8? 
21 


20 

18? 

19? 

30? 

16 

16 

16 

17 
17 
17 
15 
17 
17 
17 
17 

17 

17 

17 

6 

15 
12 
29 
14 
2 
35 
15 
15 
15 


1  W. 
IW. 


IW. 
IW. 


IW. 
IW. 
1  E. 
1  E. 
1  E. 


1  E. 

2  E. 

2  E. 

2  E. 
2  E. 
2  E. 

2  E. 

IW. 
IW. 
1  W. 
1  W. 
IW. 
1  W. 
IW. 
IW. 

IW. 
1  W. 
1  W. 
1  E. 


Potato  river. 
Potato  river. 

Potato  river. 

Ironton  trail. 
Ironton  trail. 
Ironton  trail. 
Ironton  trail. 


Montreal  river,  cross- 
ing of  the  Flambeau 
trul 


Montreal  river . 
Flambeau  trail. 

Flambeau  trail. 

Flambeau  trail. 


Gogogashugnn  river 


Potato  river. 
Potato  river. 
Potato  river. 
Potato  river. 
Potato  river. 
Potato  river. 
Potato  river. 
Potato  river. 


Potato  river. 
Potato  river. 
Potato  river. 


IW. 
2W. 
6W. 
6W. 
4W. 
4W. 
4W. 
4W. 
4W. 

(•)  Same  place  as  No.  S. 


indurated 


Obscure;   possibly 

altered  diabase. 
Diabase;  resembles  65,  Eagle 

River   section,   Keweenaw 

Point. 
Possibly  Keweenawan,  though 

unfamiliar  to  me. 
Diabase, 
? 

Gabbro, 
Diabase. 
Uralitic  diabase, 
Pseudo-amygdaloidal  diabase. 
Bed  felsUic  porphyry. 


Green  .amygdahidal  diabase, 

typical  keweenawan. 
Diabase,  typical  Keweenawan. 
Diabase-pseudo-atnygdaloid, 

Keweenawan  ^pe. 
Green  diabase,  Keweenawan 

type. 
Diabase,  Keweenawan  type. 
Pseud o-amygdaloidal  diabase. 
Fseudo-amygdahidal  diabase, 

Keweenawan  type. 
Pseudo-amygdohidal  diabase, 

Keweenawan  type. 
Diabase,  Keweenawan  type. 
Dic^yase. 

Diabase,  typical  Keweenawan. 
QuartZ'potyhyry, 
Altered  ntehphyr,  108  type. 
Diabase,  typical  Keweenawan. 
Diabase,  Keweenawan  type. 
Pseudo-amygdahidal  diabase, 

Keweenawan  type. 
Melaphyr,  108  type. 
Diabase,  Keweenawan  type. 
Diabase,  Keweenawan  type. 
Diabase  ox  gabbro;  resembles 

107,  Eagle  river,  Mich, 
AugiU'diorite. 
Diabase,  Keweenawan  type. 
Diabase,  Keweenawan  fype. 
Uralitie  gabbro. 
Uralitic  gabbro. 
Hornblende- (fabbro. 
Diabase,  typical  Keweenawan. 
FeUtitie  prophyry. 
Porphuritie  diabase;  altering 

in  the  direction  of  quartz, 

chlorite  and  calcite. 
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No. 


Place. 


Name,  etc. 


156* 

157» 

158* 

159 

162* 

164* 

166 

167 

168^ 
187 


Qr,See. 
£.  aide. 


S.  E.. 
N.  W. 


Sec. 

15 

15 

15 

22 

22 

22 

22 

15 

22 
5 


4W. 
4W. 
4W. 
4W. 
4W. 
4W. 
4W. 
4W. 


4W. 
3W. 


Bmnschweiler  river. 


English  lake 


AugUe-diorite  9 

UralUic  gatbro, 

Uralitic-gabbro. 

Gabbro. 

Felsitic  porphyry, 

Gabbro. 

Diabase,  Eeweenawan  tyi>e  ? 

Diabase,  resembles    traps  of 

the  Ashbed  type. 
Felsitie  porphyry. 
Augite-aiorite. 


IRVING  COLLECTION. 


37* 
39 

42* 

43* 

65* 

6S 

86* 

110 

112* 

116 

127 

130 

132 

134 
135 

136 

138* 
139* 
140 

143 

144 

148 
154 
156 

162* 

164 

165 

202* 


N.W. 
N.W. 

S.E.. 
S.E.. 

N.  E. 
N.W. 


S.E.. 

N.  E. 


S.  W. 

S.  w.. 

S.E... 
S.E... 
S.  W.. 

S.  W.. 

S.W.. 

S.  W.. 
S.E... 
S.E... 

S.E... 


17 
17 

17 

17 

22 
22 
14 

7 
12 

6 


6 

15 

22 

22 
22 

22 

17 
17 
16 

16 

16 

15 
17 
17 

15 
34 
34 


2W. 
2W. 

2W. 

2W. 


4W. 
4W. 
5W. 
5W. 
6W. 
6W. 


4W 

3W 

3W 

3W 
3W 

3W 


Mouth  of  Tyler's  Fork 
Tyler's  Fork 


2W. 
2W. 
2W. 

2W, 

2W. 

2W. 
2W. 
2W. 

IW. 
lAV. 
IW. 


Near  the  mouth  of 

Tyler's  Fork.... 
Tyler's  Fork 


Felsitic  porphyry. 
Diabase-amygdaloid, 
Eeweenawan. 


typical 


Quartz-porphyry. 

Didbase-pseuao-amygddloid, 
typical  Eeweenawan. 

NorCquartziferous  porphyry. 

Felsitic  porphyry. 

Gabbro. 

Diabase,  Eeweenawan  type  ? 

Gabbro. 

Brown-amygdaloid;  amyg- 
dulesof  quartz  and  epidote; 
typical  Eeweenawan. 

Sandstone,  typical  Eewee- 
nawan. 

Altered  laumontitie  diabase, 
typical  Eeweenawan. 

From  highly  altered  part  of 
an  amygaaloidal  diabase, 

Felsitic  porphyry. 

Laumontitie  rock  from  a  vein 
or  highly  altered  amyg- 
daloid. 

Brown-amygdaloid;  calcite 
amygdules. 

? 

Diabase;  typical  Eeweenawan 

Diabase-pseudO'amygdaloid, 
Eeweenawan  type. 

Diabase-pseudo-amygdahid, 
Eeweenawan  type. 

Aphanitic  altered  Diabase  or 
melaphyr. 

Green  diabase. 

Sandstone,  Eeweenawan  type. 

Slaty  sandstone,  Eeweenaw- 
an type. 

Quartz-porphyry. 

Felsitic  porphyry. 

Granitic  porphyry. 

Diabase. 
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No. 

Plack. 

Name,  etc 

205* 
206 

Or.  See. 

N.E... 

S.E.... 

N.E... 

See. 
32 
29 
29 

15 

28 
27 
28 

T. 
45 

48 
48 

47 

47 

48 
48 

R. 
12  W. 
12  W. 
12W. 

14  W. 

14  W. 

low. 
low. 

Aminioon  ri?er 

GaUffv, 
Gabbro, 

207 

Altered  diabase,  Keweenaw* 

220 

. 

an  type. 

Diabase-pseudo-amifgdalaid, 
typical  Keweenawan. 

Metaphyr,  108  type. 

Diabase,  typical  Keweenawan. 

Epidotic  rock  from  highly  al- 
tered portion  of  an  amyg- 
daloid. 

234 

245* 

N.W... 

N.W... 

255 

STRONG  COLLECTION. 


300 

8a3 

308 

309* 

310 

311 

312 


313 

314 

:;16* 

317 

318 

320 

321 

322 
323 
326 

327 

328 
I«9 
330 

332 
333 


334 

335* 

336 

337 

338 
339 

340 

342 


N.W.. 
N.W.. 
S.E.  ... 
S.  K. , 
S.E. . 


N.W.. 
N.W.. 
N.W.. 
N.W.. 


Cent  of 


N.E.. 
8.  W. 
8.  E. . 
S.  E.  . 


S.W. 
S.W. 


Center. 


N.E.. 


12 
12 
16 
16 
16 


16 
6 
6 
6 
6 
18 
18 

24 
26 

24 

13 
12 

1 
1 

2 
3 


16  W. 

16  W. 
7W. 
7W 
7W. 


7W. 
6W. 
6W. 
6W. 
6W. 

low. 

10  W. 


11  W 
11 W. 
11 W. 


low. 
low. 
low. 
low. 


low. 
low. 


low. 

low. 
low. 
low. 


low. 
low. 


low. 
low. 


8t  Croix  Falls,  Wis. 
St.  Croix  Falls,  Wis. 


Numakagon  river. . 
Numakagon  river. . 
Numakagon  river. . 


Not  in  place 

Numakagon  river. 
Numakagon  river. 
Numakagon  river. 
Numakagon  river. 


Totogatic  dam .... 
Totogatic  nver  . . . 
Falls  of  Totogatic. 
Falls  of  Totogatic. 


Totogatic  river . 
Totogatic  river . 


Totouratic  river . 
Totogatic  river . 


Probably  meJaphyr. 

Efidotic  diabase-amygdmioid. 

Diabase. 

Quartzi/erous  porphyry. 

Diabase-amygdaloid. 

Diabase. 

Diabase-amygdaloid;  amy^ 
dnles  of  orthoclase  and  epi- 
dote. 

Diabase-amygdaloid. 

Diabase  or  melaphyr. 

Diabase. 

Diabase. 

Diabase-amygdaloid, 

Diabase-amifgdaloid. 

Melaphyr,  similar  to  108,  Ea- 
gle river,  Michigan. 

Diabase. 

Diabase. 

Melaphyr,  similar  to  106,  Ea- 
gle river. 

Diabase. 

Diabase  or  melaphyr. 

Diabase-amygdaloid. 

Melaphyr^  similar  to  108,  Ea- 
gle river. 

Diabase-  amygdaloid. 

Probably  the  representatiTe  of 
a  porphjrry  conglomerate, 
and  composed  of  the  same 
material  m  a  fine  state. 

Epidotic  portion  of  a  hiirblv 
altered  diabase-amygdaloid. 

Diabase- pseudo-amygdaloid. 

D^Jfose,  with  chlonte. 

Diabase-tufa:  similar  to  Han- 
cock beds,  Fortage  lake. 

Epidotic  amygdaloul  (diabase). 

Epidotic  rock,  from  a  higfalr 
altered  diabase-amygdaloid. 

Epidotic  rock  from  a  higfalr 
altered  diabase-amygdaloia. 

Epidotic  diabase-amygdaloid. 
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No. 


343 
345 

346 

347 

348 

349 

350 

362 

353 

354 

355 

356 

357 

359 

360 

361 

363 

365*1 

366 

367 

369 

373 

374 

375 

376 

377 

378 

379* 


380* 

381 

882* 

383* 

384 

385 

386^ 

387 


393* 
394 


400^ 

401 
402 


Place. 


Qr.See. 
Center. 
N.W.. 

N.W.. 


N.E.. 
N.E.. 
N.E.. 
N.E.. 

N.E.. 
N.E.. 
S.W. 

s.  w. 

S.W. 


S.W. . 
S.W.  . 
S.W.  . 

s.  w. . 

Center. 
Center. 
N.E... 


S.  W.. 
S.  E. . . 
S.E.  .. 
N.E... 


N.W.. 
ii^post 
ijpoet 


8.W.  . 
S.W.  . 

N.  W.. 
N.W., 
N.W., 
N.W., 
N.W. 

N.W. 
N.W. 


See. 
6 
6 

6 
28 

4 

4 

4 

5 

5 

5 

5 

5 

5 
18 

6 
32 
28 
12 

7 

7 

33 
11 
11 
11 
11 
18 
18 
26 


26 
27 
27 
26 
28 
24 
24 
28 
23 
28 
24 
28 
28 
26 
26 
26 
26 
2 


low 
low, 

low. 

10  W. 

low. 
low. 
low. 
low. 
low. 
low. 
low. 
low. 
low. 

9W. 

9W. 

9W. 

9W. 

9W. 

8W. 

8W. 

8W. 
18  W. 
18  W. 
18  W. 
18  W. 
18  W. 
18  W. 
17  W. 


17  W, 
17  W, 
17  W. 
17  W. 

16  W. 

17  W. 
17  W, 
16  W, 
16  W. 

16  W. 

17  W. 
11  W. 
11  W. 
13  W, 
13  W. 
13  W. 
13  W. 
13  W. 

13  W. 
13  W. 


Lower  Falls  of  Toto- 
gatic  river 


Name,  etc. 


Epidotic  diabase' amygdaloid, 

Ouartz. 

Chlorite. 

Epidotic  diabase^amifgdaloid. 

Typical  Keweenawanco/t^Iom* 
erate  and  sandstone. 

Diabase. 

Diabase. 

Probably  diabase  proper. 

Probably  diabase. 

Epidotic  diabase-amygdaloid. 

Diabase-amygdaloid, 

Diabase. 

Conglomerate. 

Mehiphyr. 

Diabase. 

Melaphyr  or  diabase  proper. 

Diahase-pseudo-amygdcuoid, 

Diabase-amygdaloid. 

Ejndotic  diabase-amygdaloid. 

Diabase-amygdaloid. 

Epidotic  diabase- amygdaloid. 

Diabase-amygdaloid. 

Diabase-amygdaloid. 

Pseudo-amygdaloid  (pseudo- 
amygdules  of  epidote,  chlo- 
rite and  quartz).  This  rock 
does  not  recall  strongly  any 
Eeweenawan  vaiiety;  but, 
to  judffe  from  memoiy,  it 
resembles  more  nearly  some 
of  the  beds  east  of  the  Hun- 
garian mine  on  Keweenaw 
Point. 

Same  rock  as  379. 

Same  rock  as  379. 

Same  rock  as  379. 

Same  rock  as  379. 

Epidotic  diabase-amygdaloid. 

Epidotic  diabase-amygdaloid. 

Diabase  pseudo- amygdaloid. 

Similar  to  379. 

Similar  to  379. 

Similar  to  379. 

Diabase  pseudo-amygdaloid. 

Diabase  pseudo-amygdaloid. 

Diabase  pseudo-amygdaloid. 

Typical  Eeweenawan  conglom- 
erate. 

Melaphyr  (identical  with  108, 

Eagle  river). 
Diabase  pseudo-amygdaloid. 
Diabase  pseudo-amygdaloid. 
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STRONG  COLLECTION— continned. 


No. 


404^ 
40o 
406 

410 

412 
418 
419 


422 

423 

425 

426^ 

4*27* 

429* 

431 


432 
435^ 


Place. 


fr 


\8ec, 

r.  w.. 

N.W.. 
N.E.  . 


N.E.. 


s.  w. 
s.  w. 


N.W. 

N.  W. 
N.E. 
S.E. .. 
8.  W. . 
8.W.  . 


N.W. 

N.W.. 


Sec. 

2 

2 
14 

22 

6 
31 
31 


28 

15 

9 

6 

15 

22 


2 
29 


R, 
13  W 
13  W 
13  W 

13  W. 

13  W 
13  W. 
13  W. 


14  W. 

14  W. 
14  W. 
14  W. 
14  W. 
14  W. 


19  W. 
19  W. 


Falls  of  Chase  brook, 
Douglas  Co 


Name,  etc 


Didbcist, 

Diabase  pseutUhamygdaJcid. 

Melaphyr  (8ame  as  108,  Eagle 

river). 
Melaphyr  (same  as  108,  Eagle 

river). 
Melaphyr, 
Diabase  amygdaloid  of  highly 

altered    forms;    lesembles 

g^rtions  of   Pewabic    and 
aron  copper-bearing  beds. 
Melaphyr  (similar  to  108  Ea^^e 

river). 
Diabase, 

Diabase-amygdaloid, 
Diabase? 

Altered  melaphyr. 
Probably  diabase, 

Melaphyr{wr^\o  106,Eagle 

river). 
ifWapAyKsimilar  to  106,Eagle 

river). 
Probably  diabase. 


SWEET  COLLECTION. 


5 
6 

7*l 

8* 
9 
10 


11* 

12 

13 

14 
15 
16 

17 

18*. 
19 


Center. 


S.  E.  cor. 
S.E.  cor. 
S.  W.  . . 


S.  E.. 

N.E. 

N.W. 

N.E.  , 
S.  E.. 


S.E., 


23 
22 

24 

13 
15 
15 

15 

15 

14 


21 

8 

27 

4 
1 

28 

21 

1 

28 


low 
low 

12  W. 

14  W. 
14  W. 
14  W. 

14  W. 

14  W. 

14  W. 


14  W 
14  W 

low 

12  W. 

13  W. 

14  W. 


14  W 

14  W. 
14  W. 


Percival  mine,  main 
shaft 


Copper  creek 

Belt  above  No.  6. . 

Above  No.  7,  Copper 

creek  mine 

Shaft  No.  3 


Niccolite  mine. 


Black  river  fedb  . . 
Fond  da  Lac  mine 
Percival   mine,  wall 
rock,  east  shaft . . 
Middle  river 


Upper  Black  river 
talis 

Gorge,  Black  river 
f^ 


Upper    Black    river 


Diabase, 

Diabase-amygdaloid, 
Laumontitic  diabase-amygda- 
loid. 
Diabase  pseudo-amygdaloid. 
Diabase  pseudo-amygdaloid, 
Ditd>ase    (resembles    Ashbed 
tmpe). 

Diabase  pseudo-amygdaloid, 

Epidotic  portion  of  a  highly 
altered  amygdaloid. 

Diabase  amygdaloid  (ortho* 
dase,  chlorite,  epidote,  quartz, 
caldte  in  amygdales). 

Diabase, 

Diabase  pseudo-amygdaloid. 

Diabase. 
Diabase. 
Diabase. 

Diabase. 

Diabase, 

Diabase  or  melaphyr 

Diabase-amygdaloid;  altera* 
tion-prodads  of  prehnite. 
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No. 

Place. 

Name,  etc. 

22 
23 

Qr.Sec. 
N.W.... 

N.E.  .. 
S.E.... 
S.E.... 

See. 

27 

82 

32 

21 
2 
2 

2 

r. 

48 
48 
48 
47 
47 
47 

47 

R. 

low. 

12  W. 
12  W. 
14  W. 

12  W. 

13  W. 

13  W. 

Perdyal  mine 

Diabase  eptdoik  amygdaloid, 
Gabbro, 

26 
27 

23 

Aminioon  river 

BlaoJc  river  falls  .... 
Wisconsin  mine  .... 
Wisconsin  mine  .... 

Wisconsin  mine 

Diabase,  tending  to  gabbro. 

Diabase. 

Diabase. 

39 

Epidotic  portion  of  highly  al- 
tered amygdaloid. 
Diabase-atnggdaUnd. 

30 

Vol.111.— 4 
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INTRODUCTION. 


The  field  work  on  which  this  report  is  based  occupied  parts  of  the 
seasons  of  1873, 1876, 1877  and  1878;  about  six  months  in  all.  The 
total  area  of  the  district  is  only  about  1,643  square  miles,  exclusive  of 
the  included  portions  of  Lake  Superior,  so  that  this  region  has  had  pro- 
portionally a  much  longer  time  devoted  to  it  than  that  whose  geology 
I  have  described  in  a  previous  volume.  The  more  extended  time  was 
demanded  in  this  case  not  only  by  the  enormous  thickness  of  the  for- 
mations included  within  the  district,  each  having  many  subordinate 
members,  for  the  most  part  composed  of  complicated  crystalline  rocks; 
but  also  by  the  economic  interest  attaching  to  two  of  the  great  rock 
systems.  Moreover,  the  whole  region  is  a  wilderness,  and,  since  the 
streams  nearly  all  make  too  rapid  a  descent  for  canoeing,  all  investiga- 
tions have  to  be  made  on  foot,  and  all  provisions,  instruments,  camping 
utensils  and  rock  specimens  carried  on  the  back.  The  amount  of  time 
consumed  in  this  kind  of  work,  and  the  fact  that  any  one  trip  was 
necessarily  limited  by  the  amount  of  provisions  it  was  practicable  to 
carry,  made  it,  of  course,  impossible  to  visit  every  section  of  land 
within  the  district  The  trips  were  therefore  planned  so  as  to  reach 
the  most  important  points,  and  at  the  same  time  to  traverse  the  country 
as  thoroughly  as  possible.  A  brief  account  of  the  work  of  the  several 
years  is  given  below. 

The  instructions  received  from  Dr.  I.  A.  Lapham,  then  chief  geolo- 
gist, for  the  field  season  of  1873,  the  first  of  the  survey,  were  as  follows: 

MiLWAUKBB,  May  3, 1873. 

Dbab  Sm:  The  governor  having  commissioned  you  as  one  of  the  assistants  in  the 
geological  survey  of  Wisconsin^  yon  will  proceed  to  organize  a  party,  and  supply  your- 
self with  the  necessary  outfit  and  instruments,  to  explore  the  iron  and  copper  ranges  in 
Ashland  county  as  soon  after  the  first  of  June  as  possible. 

It  will  be  your  duty,  besides  examining  the  Iron  and  copper  ores,  and  their  relations  to 
the  adjoining  rock  formations,  with  a  view  to  discoveries  in  other  districts,  to  note  all 
facts  throwing  any  light  upon  any  of  the  special  matters  required  to  be  considered  in 
the  law  authorizing  the  survey. 

While  it  is  not  intended  to  prescribe  in  detail  what  you  are  to  do,  much  in  this  respect 
being  left  to  your  own  judgment  and  discretion,  I  may  call  your  attention  to  a  few 
points  of  spedai  importance. 
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The  lelatiye  age  of  the  red  sandstone,  with  its  accompanying  red  shale,  has  not  been 
fully  ascertained,  and  hence  all  facts  showing  whether  it  is  of  the  age  of  the  Potsdam 
sandstone  or  not  should  be  carefully  noted. 

Whether  the  Azoic  rocks  are  of  different  ages  should  be  ascertained,  the  more  crys- 
talline being  supposed  to  be  older  than  those  of  a  slaty  structure,  etc. 

It  is  a  matter  of  great  importance  to  the  mining  interests  to  study  the  system  of  fold- 
ing of  the  strata,  inyolmg  the  question  whether  the  iron  beds  continue  to  great  depths 
into  the  earth,  or  whether  they  soon  terminate. 

Note  sudi  fads  as  show  the  natural  fertility  of  the  soil;  especially  as  indicated  by 
actual  cultivation,  and  by  animal  and  vegetable  products. 

Tou  will  not  be  required  to  collect  in  remote  localities  any  more  specimens  than  are 
needed  for  examination  and  analysis. 

Examine  the  varface  deposits,  the  lake  beaches,  the  drift  stzise,  etc. 

Make  barometrical  measurements  of  the  relative  elevation  and  depression  of  the 
ground* 

It  being  obviously  impossible  to  visit  every  section  or  square  mile  in  the  oountiy,  you 
will  so  plan  your  routes  as  to  be  able  to  examine  the  points  of  greatest  importance  to 
the  material  interests  of  the  state,  extending  your  lines  south  of  the  Iron  Range  only  to 
the  region  where  the  rocks  are  concealed  by  drift. 

Collect  information  rebting  to  the  former  explorations  and  mining  operations  earned 
on  in  the  districts  examined. 

Upon  the  completion  of  your  survey  of  Ashland  county  you  will  extend  your  work, 
overland  if  found  practicable,  into  Douglas  county,  where  the  Copper  Range  will  require 
special  attention. 

Two  months  time  will  probably  suffice  for  the  examination  of  these  two  counties, 
leaving  time  to  visit  Black  River  FaUs  and  such  other  points  as  may  be  deemed  advis- 
able before  the  dose  of  the  working  season. 

Upon  your  return  to  Madison,  you  will  prepare  a  full  detailed  report,  with  the  neces- 
sary maps  and  diagrams,  having  the  same  completed  by  the  first  of  December  next. 
Sudi  portions  of  the  report  as  are  deemed  suitable  to  the  purpose,  will  be  induded,  under 
your  own  name,  as  a  part  of  the  Annual  Report  of  the  Progress  and  Results  of  the 
Survey. 

When  not  engaged  in  the  field  work,  you  will,  jointly  with  Prof.  W.  W.  Daniells, 
take  charge  of  the  chemical  analyses  required  by  the  law  authorizing  the  survey,  except 
such  as  relate  to  the  mineral  waters,  selecting  for  that  purpose  such  ores,  days,  minerals, 
etc.,  as  it  may  be  deemed  necessary  to  have  analyzed.    •••••• 

Yours  very  truly,  I.  A.  LAPHAM,  Chirf  Gtologtst. 

In  accordance  with  these  instractions,  the  work  began  immediatelj 
after  the  first  of  June,  and  continued  nninterruptedlj  until  the  middle 
of  September.  The  following  were  the  several  trips  of  the  season: 
(1.)  Along  the  line  of  the  Wisconsin  Central  Bailroad  (then  unbuilt), 
to  Penokee  Gap  in  Sec  14,  T.  44,  R.  3  W.,  where  some  time  was  spent 
in  detailed  examinations,  with  excursions  along  the  Penokee  Bange 
westward  to  its  extremity  in  T.  44,  R  4  W.,  and  eastward  to  Mt  Whit- 
tlesey, in  T.  44,  R.  2  W.;  from  Penokee  Gap  to  the  old  Ashland  mine 
at  the  junction  of  Bad  river  and  Tyler's  Fork,  Sec  17,  T.  45,  R  2  W.; 
thence  by  raft  down  Bad  river  to  the  falls  at  Leihy's  mill,  Sec.  25,  T. 
47,  R  8  W.;  thence  by  boat  down  the  river  to  the  Indian  village  of 
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Odanah;  and  thence  through  the  Kaukaugon  to  Ashland.  (2.}  Bjr 
boat  around  the  several  islands  of  the  Apostle  group,  and  along  the 
whole  coast  of  Bayfield  county  from  the  head  of  Chaquamegon  Bay  to 
the  Douglas  county  line,  the  object  being  the  examination  of  the  red 
sandstone  so  constantly  exposed  on  these  coasts,  as  also  of  the  overly- 
ing red  Quaternary  clays.  (3.)  From  Ashland,  along  the  line  of  the 
railroad  to  the  Maringouin  river  in  Sec.  36,  T.  46,  E.  4  W.;  thence  up 
that  stream  to  Koehm's  clearing,  in  Sec.  32;  thence  across  sections  6,  5, 
8,  9  and  17,  T.  45,  E.  4  W.,  to  the  Brunschweiler  river  in  Sec.  22; 
thence  down  that  stream  to  Sec.  11;  thence,  the  party  dividing,  up  the 
Brunschweiler  to  Sec  36,  and  southeast  from  here  to  English  lake, 
also  through  the  western  and  southern  parts  of  T.  45,  E.  3  W.,  to 
English  lake;  thence  across  to  the  lower  end  of  Bladder  lake;  thence 
down  the  Brunschweiler  to  the  point  reached  before;  thence  to  the 
head  of  Bladder  lake;  thence  across  T.  44,  E.  4  W.,  to  the  Huronian 
ridges  in  T.  44,  R  5  W.;  thence,  following  these  ridges,  to  the  west  line 
of  this  township;  thence  north  to  the  southwest  comer  of  T.  45,  E.  5 
W. ;  thence  diagonally  across  this  township  to  Eoehm's  clearing  in  Sec.  32, 
T.  46,  E.  4  W.;  thence  north  to  the  rapids  of  White  river.  Sec.  6,  T. 
46,  R  4  W.;  and  thence  north  to  Ashland.  (4.)  From  Bayfield  by 
boat  to  the  mouth  of  the  Montreal  river;  thence  via  the  old  Iron  ton 
trail  to  the  Potato  river,  in  Sec.  15,  T.  46,  E.  1  W.,  with  excursions 
from  here  up  and  down  the  river;  thence,  via  the  same  trail,  to  the  pas- 
sage of  Tyler^s  Fork  through  the  Iron  Eange  in  Sec  33,  T.  45,  E.  1 W. ; 
thence  along  the  Ironr  Eange  to  the  east  line  of  R  1  E.;  thence 
back  along  the  Iron  Eange  to  the  gorge  of  Tyler's  Fork;  thence  along 
the  Iron  Eange  to  Penokee  Gap,  T.  44,  R  3  W.;  and  thence  along  the 
railroad  line  to  Ashland.  In  the  middle  of  the  season  I  was  myself 
incapacitated  by  a  severe  rheumatic  fever,  and  the  work  was  continued 
by  my  assistants,  Messrs.  Sweet  and  Jenney,  during  the  remainder  of 
the  time.  The  greater  part  of  the  season  was  spent  on  the  Penokee 
Range,  in  sampling  and  examining  the  outcrops  of  ore.  It  will  be  seen 
that  the  instructions  given  above  assign  only  one  month  for  what  had 
thns  taken  three  and  a  half  months  and  was  yet  incomplete.  The  work 
in  Douglas  county,  indicated  in  the  letter  of  instructions,  had  not  yet 
been  entered  npon.  Tliis  was  now  assigned  to  Mr.  Sweet,  on  account 
of  my  continued  ill-health,  and  the  results  will  be  found  in  his 
report 

In  1876,  a  month  was  spent  in  this  r^ion,  the  first  half  of  the  time 
being  given  to  a  detailed  magnetic  and  topographical  survey  of  the  vi- 
cinity of  Penokee  Gap,  with  a  view  to  a  more  exact  determination  of 
the  subordinate  structure  of  the  Huronian  series,  whilst  during  the 
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latter  part  of  the  time  a  trip  was  made  along  the  Montreal  river  from 
its  mouth  to  its  passage  through  the  Iron  Eange. 

In  1877,  the  month  of  August  was  devoted  to  a  detailed  examina- 
tion of  the  Iron  Bange  from  Bad  river  to  Potato  river,  with  incidental 
observations  on  the  more  northern  formations.  In  October  of  the 
same  year,  Professor  Chamberlin  extended  this  examination  eastward 
to  the  state  line.  His  results  ai-e  included  in  this  report  The  exact 
extent  of  his  work  is  indicated  on  Atlas  Plate  XXVI,  and  in  those 
portions  of  the  text  based  on  his  notes. 

In  1873,  Professor  A.  D.  Conover  made  an  excursion,  under  my  in- 
structions (chiefly  with  a  view  to  adding  to  the  collections  of  speci- 
mens), up  the  Montreal  to  the  mouth  of  the  Gogogashugun;  thence 
across  to  the  Potato  at  the  crossing  of  the  Iron  ton  trail;  thence  down 
to  the  falls  of  that  stream,  where  a  detailed  map  of  the  exposures  was 
made;  thence  southward  to  the  southeast  corner  of  T.  45,  R.  2  W.; 
ttience  west  three  miles;  thence  northward  to  Tyler's  Fork;  and  thence 
down  that  stream  to  its  junction  with  Bad  river. 

In  1875,  Dr.  O.  W.  Wight,  then  chief  of  tlie  survey,  employed  Mr. 
C.  E.  Wright,  of  Marquette,  Michigan,  now  Commissioner  of  Mining 
Statistics  to  the  State  of  Michigan,  to  make  an  examination  in  the 
vicinity  of  Penokee  Gap.  Subsequently  the  same  gentleman  was  em- 
ployed by  Professor  Chamberlin  to  extend  his  examinations  along  the 
western  portion  of  the  Penokee  range.  Mr.  Wright's  report  and  mine 
then  Cover  in  part  the  same  ground.  He,  however,  extended  his  ex- 
aminations to  the  west,  beyond  the  limits  of  my  district,  and,  more- 
over, my  later  detailed  examinations  were  not  extended  west  of  Penokee 
Gap.  What  he  reports  on  in  detail,  therefore,  I  only  cover  in  a  gen- 
eral way,  for  the  sake  of  showing  the  connection  of  the  several  subor- 
dinate members  of  the  Huronian  with  their  more  eastern  extensions. 
It  is,  of  course,  not  unpleasant  to  me  that  Mr.  Wright's  views  coincide 
in  every  rc8|)ect  with  those  I  had  previously  expressed  as  to  the  value  of 
the  Penokee  ores;  a  dissatisfaction  with  the  unfavorableness  of  my  first 
year's  report  (never  published),  on  the  part  of  the  citizens  of  Ashland 
county,  having  been,  in  fact,  the  cause  of  Mr.  Wright's  employment 
for  this  work. 

A  large  portion  of  the  formations  of  this  district  being  composed  of 
crystalline  rocks,  often  peculiar  and  very  fine-grained,  it  became  neces- 
sary to  have  recourse  to  the  modem  methods  of  microscopic  analysis. 
A  set  of  the  crystalline  rocks  of  the  Keweenawan  series  from  the 
several  districts  of  northern  Wisconsin  was  sent  to  Professor  Eaphael 
Pumpelly,  who  had  had  extended  experience  in  the  Michigan  region, 
and  who  was,  in  fact,  the  only  scientist  having  any  minute  ac- 
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quaintance  with  these  interesting  rocks.  He  returned  the  specimens 
named,  with  brief  microscopic  descriptions  of  a  number,  as  also  the 
thin  sections  upon  which  these  descriptions  were  based.  The  exact 
nature  and  extent  of  his  work  will  be  understood  from  his  report  in 
this  volume.  To  Mr.  A.  A.  Julien,  of  New  York,  was  sent  a  collec- 
tion of  eleven  specimens,  chiefly  from  the  Huronian.  He  I'eturned 
detailed  microscopic  descriptions  of  these,  also  with  the  thin  sections. 
His  descriptions  are  given  in  an  appendix  to  this  report  In  addition  to 
this,  I  have  myself  examined  about  two  hundred  thin  sections,  having 
during  the  past  eighteen  months  familiarized  myself  with  this  new 
method  of  investigation.  This  extended  work  was  needed  in  order  to 
throw  ledges  of  fine-grained  rocks  into  their  proper  stratigraphical 
positions,  as  also  to  cover  a  number  of  varieties  not  represented  by  the 
collections  sent  Mr.  Julien  and  Professor  Pumpelly.  My  own  work  has 
been  chiefly  on  the  Laurentian  and  Huronian,  and  the  gabbros  at  the 
base  of  the  Keweenawan  System.  From  the  statements  in  the  text,  and 
trom  the  accompanying  reports  of  Messrs.  Pumpelly  and  Julien,  it 
will  always  be  evident  on  whose  authority  microscopic  descriptions  are 
given.  The  microscopic  plates  herewith  were  all  drawn  under  my  im- 
mediate direction,  and  include  some  of  the  slices  described  by  Messrs. 
Pumpelly  and  Julien,  as  well  as  those  exclusively  examined  by  myselt 

North  Wisconsin  was  visited  over  two  hundred  years  since  by  the 
French  Jesuit  fathers,  who  have  left  their  traces  all  around  Lake  Supe- 
rior in  the  shape  of  French  geographical  names.  A  settlement  was 
made  on  one  of  the  Apostle  Islands  by  Father  Claude  Allouez  as  early 
as  1665.  Many  references  to  the  Lake  Superior  country,  including  also 
portions  of  Wisconsin,  are  to  be  found  in  the  "Eelations"  of  these 
Jesuit  fathers,  which  were  published  in  France  between  the  years  1632 
and  1672,  and  which  contain,  along  with  many  geographical  details,  ac- 
counts of  the  earliest  mineral  discoveries.  A  map  published  in  Paris 
in  1672,  of  which  bl/oc  simile  is  to  be  found  in  Foster  and  Whitney's 
U.  S.  (Geological  Eeport,  represents  with  general  accuracy  the  entire 
coast  of  the  lake. 

A  report  to  the  secretary  of  war  by  John  Stockton,  "  On  the  Condi- 
tion and  Government  of  the  Mineral  Lands  of  Lake  Superior  "  (pp.  22), 
published  at  Washington  in  1845,  has  some  brief  references  to  the 
geology  of  Ashland  county.  The  same  is  true  of  a  brief  report  "  On 
the  Copper  Mines  of  the  Montreal  Eiver,"  made  in  1845  by  James  T. 
Hodge  to  some  private  parties,  and  published  afterwards  in  a  pamphlet 
of  nineteen  pages.  Foster  and  Whitney  give  a  section  along  the  Mon- 
treal river,  but  their  district  stopped  at  the  Wisconsin  line. 
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The  only  geological  examinations  of  this  region,  however,  previous  to 
those  on  which  this  report  is  based,  and  deserving  the  name,  were  those 
of  Colonel  Charles  Whittlesey,  of  Cleveland,  Ohio.  This  gentleman 
was  connected  with  Dr.  D.  D.  Owen's  U.  S.  Geological  Survey  of 
Wisconsin,  Iowa  and  Minnesota,  and  in  this  connection  examined  the 
Bad  river  country  in  1848.  The  results  are  given  in  Dr.  Owen's  final 
report,  published  at  Washington  in  1852.  In  1860  (August  to  October), 
Colonel  Whittlesey  engaged  in  another  geological  exploration  in  Ash- 
land, Bayfield  and  Douglas  counties,  on  part  of  the  geological  survey 
of  Wisconsin,  then  organized  under  James  Hall.  His  report,  presented 
to  Professor  Hall  in  the  ensuing  year,  was  never  published,  on  account 
of  the  stoppage  of  the  survey.  A  suite  of  specimens  collected  by 
Colonel  Whittlesey  during  these  explorations  is  at  present  preserved  in 
the  cabinet  of  the  State  University,  at  Madison,  and  it  bears  testimony 
to  the  laborious  manner  in  which  that  gentleman  prosecuted  his  work. 
Although  his  report  was  never  published,  he  has  issued  a  number  of 
pamphlet  publications  giving  the  main  results  obtained  by  him.  A 
list  of  these,  together  with  full  extracts  from  some  of  them,  will  be 
found  in  an  appendix  to  this  report  In  the  same  appendix  I  have  had 
reproduced  a  geological  map  of  the  region,  prepared  by  Colonel  Whit- 
tlesey in  1860.  A  photographed  copy  of  this  map  was  sent  to  me  in 
1873,  and  at  my  request  the  originfd  map  was  furnished  to  the  litho- 
graphers in  1878.  From  this  appendix,  which  I  have  made  thus  full, 
since  Col.  Whittlesey's  publications  are  so  scattered,  it  will  be  possible 
to  ascertain  the  amount  and  nature  of  the  work  that  preceded  mine,  and 
of  which  mine  must,  in  a  measure,  be  regarded  as  a  continuation.  It 
is  only  necessary  to  add  that,  while  in  many  points  I  diflPer  very  widely 
from  him  in  my  conclusions,  it  is  evident  enough  tliat  Colonel  Whit- 
tlesey caught  the  main  geological  features  of  the  region.  It  should  be 
remembered  that  at  that  time  the  country  was  largely  without  the  gov- 
ernment sectional  surveys,  and  that  there  was  no  knowledge  whatever 
of  the  lithology  of  the  Lake  Superior  formations. 

As  in  my  report  on  the  Geology  of  Central  Wisconsin,  I  give  here 
also  parenthetical  numbers  referring  to  the  type  lithological  specimens 
of  the  geological  survey  collections. 

All  chemical  analyses  given,  except  where  it  is  otherwise  stated,  are 
by  Professor  W.  W.  Daniells,  chemist  to  the  survey. 

During  the  season  of  1873  I  was  aided  in  the  field  work  by  Mr.  K 
T.  Sweet,  now  of  Silverton,  Colorado,  and  by  the  late  Mr.  F.  B.  Jenney. 
of  Now  York.  In  1876,  Mr.  Frank  Brotherton,  of  Escanaba,  and  in 
1877,  Mr.  Paul  B.  Wood,  of  Peshtigo,  both  expert  woodsmen  and 
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Bnrveyore,  aided  me  in  the  field.  In  draughting,  I  have  been  assisted 
by  P.  L.  Norman,  S.  W.  Tullock,  Magnus  Swenson,  and  F.  T.  Bern- 
hard;  the  last  named  rendering  his  services  gratnitously.  Mr.  Thomas 
Barden,  of  Ashland,  has  aided  me  greatly  by  collecting  specimens 
and  making  chain  measurements  in  the  vicinity  of  Penokee  Gap. 
C.  R.  Vanhise  has  made,  gratuitously,  a  number  of  specific  gravity  and 
analytical  determinations  for  me  in  the  University  laboratory. 

R  D.  I. 
U»rvBB8iTT  OF  WiscoHsnc,  Fikmary  25, 18J9. 
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CHAPTER  I. 

TOPOGEAPHT. 
GENERAL  TOPOGRAPHICAL  SUBDIVISIONS  AND  SURFACE  RELIEFS, 

That  portion  of  Wisconsin  which  borders  Lake  Superior  is  traversed 
by  two  parallel  belts  of  high  and  ridgy  country,  about  thirty  miles 
apart,  between  which  lies  a  trough  of  lower  land,  which  occupies  a 
true  synclinal  depression.  The  northern  one  of  these,  in  part  almost 
a  mountainous  belt,  extends  from  the  Minnesota  line  east-northeast 
through  northern  Douglas  county  into  the  Bayfield  peninsula,  whose 
existence,  as  also  that  of  the  group  of  islands  beyond,  it  has  un- 
doubtedly determined;  while  the  southern  belt  is  the  westward  con- 
tinuation of  the  high  land  which  forms  the  back-bone  of  Keweenaw 
Point,  and  skirts  the  lake  shore  from  the  eastern  extremity  of  that 
point,  southwestwardly  to  the  "Wisconsin  line. 

During  most  of  its  course,  before  reaching  "Wisconsin,  the  latter  belt 
is  flanked  on  the  south  by  a  lower  and  level  country,  the  extension 
westward  of  the  depression- of  Keweenaw  Bay,  to  the  south  of  which  is 
yet  another  highland  belt,  which  itself  merges  into  the  elevated  but 
not  ridgy  country  of  granitic  and  gneissoid  rocks  that  forms  the  water- 
shed between  the  northward-flowing  tributaries  of  Lake  Superior  and 
those  that  run  southward  into  Lake  Michigan  and  the  Mississippi. 
Before  reaching  the  "Wisconsin  line,  however,  the  ridges  to  the  north 
and  south  of  the  Keweenaw  Bay  depression  have  met  and  joined,  form- 
ing one  broadened  mass  of  high  land,  which,  at  the  Montreal  river,  has 
a  width  of  about  twelve  miles  from  the  lake  shore  southwestward  to 
the  elevated  granitic  region  of  the  interior.  Moreover,  immediately 
after  crossing  the  Montreal  into  "Wisconsin,  the  lake  shore  takes  a  sud- 
den  bend,  nearly  at  right  angles  to  its  former  direction,  as  a  result  of 
which  the  highland,  continuing  on  its  southwesterly  course,  recedes 
from  the  lake  shore,  leaving  in  front  a  rapidly  widening  lowland,  the 
eastern  end  of  the  synclinal  valley  which  extends  all  across  northern 
Wisconsin. 

Of  the  Bayfleld  ridge,  the  northern  side  of  the  synclinal,  the  district 
now  described  includes  only  the  extreme  eastern  portion  where  it 
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descends  to  the  lake,  forming  the  coast  of  Bayfield  county.  Continuing 
beyond,  however,  in  the  same  line,  we  find  the  Apostle  group  of  islands, 
which,  while  without  any  considerable  elevation  above  the  lake,  are 
really  an  extension  of  the  Bayfield  ridge,  with  which  they  have  an  in- 
timate geognostical  as  well  as  topographical  relation. 

Briefly,  then,  our  district,  having  a  total  land  area  of  about  1,643 
square  miles,  divides  naturally  as  follows:  (1)  an  elevated  interior^  V^°g 
north  of  township  forty-two  and  south  of  the  Penokee  Iron  Eange,  with 
an  area  of  about  586  square  miles;  (2)  a  ridge  or  mountainous  helty 
lying  immediately  north  of  the  preceding,  varying  in  width  from  about 
twelve  miles  on  the  east  to  about  six  on  the  west,  and  having  a  total 
area  of  about  346  square  miles;  (3)  a  lowland  area^  extending  from 
the  foot  of  the  highland  to  the  lake  shore,  and  around  the  head  of  Cha- 
quamegon  Bay  to  the  Bayfield  ridge,  with  an  area  of  about  400  square 
miles;  (4)  The  Bayfield  highland^  extending  well  to  the  lake  shore 
all  around  the  peninsula,  with  an  area  of  about  234  square  miles;  and 
(5)  the  Apostle  IdandSy  twenty-four  in  number,  with  a  total  land  area 
of  about  77  square  miles.  The  relative  sizes  and  positions  of  these 
several  subdivisions  will  be  best  understood  from  the  sketch  map,  Plate 
XL    A  few  words  are  given  below  to  each  subdivision. 

Eleyated  Interior.  The  region  south  of  the  Penokee  Iron  Kange, 
which  forms  the  southern  rim  of  the  ridge  or  mountainous  belt,  has  a 
level  to  gently  undulating  surface,  with  an  average  altitude  of  900-950 
feet  above  Lake  Superior,  the  extremes  being  about  750  and  1,100. 
From  the  crest  of  the  Penokee  Eange,  with  an  average  altitude  of  about 
1,000  feet,  southward,  there  is  generally  a  descent  of  from  100  to  300 
feet  within  a  quarter  to  half  a  mile.  Thence  further  southward,  the 
ascent  is  very  gradual  to  the  watershed,  which  is  a  very  irregular  line, 
with  an  average  altitude  of  about  950  to  1,050  feet  From  the  water- 
shed southward,  the  slope  is  exceedingly  gradual,  and  the  country  for 
many  miles  preserves  the  same  general  altitude,  having  a  surface  with- 
out any  considerable  ridges,  but  much  diversified  in  minor  detail  by 
drift  knolls  and  kettles,  the  latter  producing  the  myriads  of  small  lakes 
which  characterize  this  region.  Where  the  Wisconsin  Central  Eailway 
crosses  the  watershed,  near  the  east  line  of  Sec.  27,  T.  43,  R  11  W.,  the 
altitude  is  948;  but  thence  southward,  it  continues  above  900  until  the 
Flambeau  river  is  reached,  in  Sec.  24,  T.  40,  E.  1  W.  The  railroad 
crosses  the  watershed  at  a  comparatively  low  place,  the  height  beino* 
greater  both  to  the  east  and  west  Dr.  Norwood,  in  Owen's  report  on 
Wisconsin,  Iowa  and  Minnesota,  gives  an  altitude  of  1,183  feet  for  a 
point  on  the  divide  on  the  Flambeau  trail,  in  township  forty-three, 
Lincoln  county. 
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The  surface  of  this  interior  region  is  largely  occupied  by  tamarack  and 
cedar  swamps,  wliich,  for  the  portion  included  in  our  district,  cover 
more  than  half  the  surface.  In  these  swamps,  some  of  wliich  have  an 
area  greater  than  that  of  a  township,  head  the  tributaries  of  Lake 
Superior  and  the  Mississippi  river^  the  waters  of  the  same  swamp  not 
unf requently  flowing  in  both  directions.  So  interlocked  are  the  streams 
of  the  different  drainage  systems,  that  the  government  surveyors  have 
frequently  been  at  fault  in  deciding  to  which  system  the  smaller 
streams  should  be  assigned.  Throughout  most  of  this  area,  which  is 
everywhere  underlaid  by  granitic  and  gneissoid  rocks,  rock  ledges  are 
rare,  on  account  of  the  large  swamps  and  heavy  accumulations  of  drift 
In  the  northern  portions,  however,  rounded  domes  of  pinkish  granite 
are  occasionally  found,  and  along  the  stream  valleys  near  the  Iron 
Eange,  cliffs  and  ledges  of  dark-oolored,  amphibolic  and  chloritic 
gneiss  not  unfrequently  appear. 

The  Bidge  or  Mountafai  Belt.  In  passing  northward  from  the 
high  interior,  a  belt  of  country  is  crossed  which  is  occupied  by  a  num- 
ber of  parallel  ridges  that  constitute,  as  it  were,  a  series  of  steps  down 
to  the  lowland  skirting  the  lake.  These  ridges  are  often  bold,  and  even 
precipitous,  showing  cliffs  and  ledges  of  rock  in  every  direction,  while 
the  streams  are  very  rapid,  and  have  their  courses  constantly  broken  by 
chutes  and  falls,  the  whole  area  thus  contrasting  greatly  with  the  low- 
land on  the  north,  and  the  swampy  region  on  the  south.  The  bands 
of  deep  color  which  cross  the  middle  of  Atlas  Plate  XXII  cor- 
respond nearly  exactly  with  the  position  of  the  ridge  belt,  while  the 
lighter  colors  to  the  north  and  south  show  the  more  level  areas.  The 
several  ridges  that  make  up  the  belt,  as  also  the  valleys  between  them, 
follow  directly  the  strike  of  the  rocks;  and  the  same  peculiarity  is,  of 
course,  shown  by  the  streams,  while  even  the  larger  rivers  that  break 
through  from  the  swampy  region  on  the  south  show  a  constant  tend- 
ency to  make  excursions  to  the  right  or  left  along  the  strike,  from 
which  they  return  from  time  to  time  to  resume  their  northward  courses. 
These  digressions  run  all  the  way  from  a  few  rods  to  ten  miles,  and  are 
much  more  numerous  than  shown  on  the  best  niaps,  the  government 
surveyors  having  located  the  streams  only  at  the  crossing  of  section  lines. 

Three  principal  ranges,  known  as  the  Penokee  Iron  Eange,  the  Gran- 
ite Bange  and  the  Copper  Bange,  have  been  recognized  as  making  up 
the  ridge  belt.  The  two  latter  are  not  well  defined  from  each  other; 
but  still,  having  direct  relation  to  the  geological  structure,  the  group- 
ing becomes  a  convenient  one,  and  is  here  retained,  with  the  substitution 
of  the  term  "  Gabbro  Bange  ^  for  "  Granite  Bange,"  since  the  granite 
is  comparatively  unimportant  in  the  structure  of  the  ridge. 


Digitized  by 


Google 


TOPOGRAPHY.  03 

Along  the  northern  edge  of  the  interior  table  land,  the  Penokee  * 
Range  presents  itself  as  a  sharply  defined  ridge,  often  rising  abruptly, 
or  even  precipitously,  100  to  300  feet  from  the  lower  ground  to  the 
southward,  though  at  times,  especially  near  the  eastern  end  of  the  range, 
swelling  up  much  more  gradually.  On  the  north,  the  range  is  never 
so  steep,  but  is  still  always  well  defined,  falling  off  in  some  places  over 
300  feet  within  a  mile;  the  difference  between  north  and  south  sides 
being  due  chiefly  to  the  fact  that  the  rocks  composing  the  ridge  dip 
northward,  but  also  in  part  to  the  fact  that  the  northern  slope  has  ar- 
rested a  considerable  quantity  of  glacial  drift.  The  crest,  and  indeed 
the  mass  of  the  ridge,  is  nearly  all  along  made  up  of  quartzose  rocks 
carrying  more  or  less  specular  iron,  and  it  is  wholly  to  the  hardness  and 
power  of  resisting  chemical  action  possessed  by  these  rocks  that  the  ridge 
owes  its  existence.  Moreover,  a  close  connection  can  be  drawn  between 
the  variations  in  direction,  shape  and  width  of  the  ridge,  and  the  varia- 
tions in  sti'ike,  dip  and  mineral  character  of  the  belt  of  rocks  which 
make  it  up;  for  the  course  of  the  range  follows  always  the  strike  of  the 
rocks,  the  steepness  of  the  northern  slope  being  frequently  decreased  or 
increased  by  the  decrease  or  increase  in  the  amount  of  northern  dip. 
A  lessening  in  amount  of  quartzose  material,  or  the  introduction  of 
softer  layers,  often  causes  a  lessening  in  the  width  of  the  ridge. 

The  Penokee  Eange  is,  in  general,  much  higher  than  the  ridge  to  the 
northward  of  it,  and,  from  the  few  high  points  where  the  tliick  forest 
does  not  prevent,  Lake  Superior  can  readily  be  seen;  while  from  the 
lake,  at  a  distance  of  from  ten  to  fifteen  miles  from  the  shore,  the  crest 
of  the  range  shows  as  a  blue  line  against  the  sky,  coming  to  an 
abrupt  end  towards  the  west,  where,  in  T.  44,  R  4  W.,  it  drops  down 
suddenly  some  200  to  300  feet.  A  nearer  view  is  much  harder  to  get; 
indeed,  it  is  only  very  rarely  that  the  dense  forests  of  the  region  permit 
one  to  see  a  distance  of  more  than  a  few  rods.  Quite  a  view  can  be 
obtained,  however,  from  a  point  on  the  "Wisconsin  Central  road,  about 
two  miles  south  of  Penokee  Gap.  Here  a  heavy  "  windfall,"  over  a  mile 
in  width,  crosses  the  track,  and  permits  one  to  see  the  crest  of  the  Pen- 
okee Bange  to  the  northward,  trending  a  number  of  miles  east  and  west 
and  alternately  swelling  into  high  peaks  and  sinking  into  gaps.  A  very 
much  better  and  more  instructive  view,  of  the  north  face  of  the  range, 
is  obtainable  from  the  top  of  a  mass  of  rock  which  rises  abruptly  170 
feet  from  the  low  ground  at  foot,  on  the  west  line  of  the  northwest 
quarter  of  Sec  11,  T.  44,  R  3  W.    From  here,  one  sees  the  range  for 

'  It  wQl  be  seen  itom  appendix  A,  that  the  tenn  Penokee  originated  in  a  i»!inter*8 
mistake  for  Pewabie,  a  Chippe?ra  word,  meaning  iron;  bat  bng  usage  has  so  fixed  the 
name  that  it  does  not  seem  wise  to  try  to  change  it 
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some  eight  to  ten  miles  east  from  Bad  river  rising  abruptly  200  to  500 
feet  into  a  narrow  serrated  crest,  whose  highest  points  in  sight  are 
nearly  1,200  feet  above  Lake  Superior.  Another  wide  view,  the  most 
extended  I  have  met  in  the  whole  region,  is  obtainable  from  the  crest 
of  the  Penokee  Range  itself,  where  the  great  windfall  crosses  it,  near 
the  north  line  of  Sec  18,  T.  44,  R,  2  W.  From  here,  the  western  ex- 
tension of  tlie  ridge  from  Bad  river  is  seen  to  be  very  high  and  well- 
defined,  one  point,  on  about  the  north  line  of  Sec.  17,  T.  44,  R.  3  TV., 
jutting  northward  from  the  rest  of  the  ridge  in  an  especially  prominent 
manner.  From  the  same  point,  Lake  Superior,  the  Apostle  Islands, 
and  the  Bayfield  ridge,  with  much  of  the  intervening  country,  are 
plainly  visible,  as  well  as  a  wide  stretch  of  the  swampy  region  to  the 

EOUth. 

In  altitude,  the  Penokee  Range  varies  from  900  to  about  1,200  feet, 
and  in  breadth,  from  a  mere  crest  a  few  rods  wide  to  a  broad,  rounded 
swell,  a  mile  across;  the  latter  feature  being  characteristic  of  its  eastern 
portions  as  it  approaches  the  Montreal  river.  Upon  the  accompanying 
special  maps  of  the  Huronian  series  is  given  an  outline  of  the  crest  of  the 
Penokee  Range  for  a  considerable  distance,  with  a  number  of  natural 
scale  cross-sections,  which  will  serve  to  convey  more  definite  ideas  with 
regard  to  its  character  at  different  places.  A  few  details  are  added 
here  —  beginning  on  tlie  east  —  which  should  be  consulted  with  the 
atlas  plates  in  hand. 

Tlie  Montreal  river  crosses  the  ninge  in  the  S.  E.  quarter  Sec.  24,  T.  46,  R.  2  E.,  in  qalte 
a  wide  and  shallow  valley.  On  the  west  line  of  Sec  24  the  ridge  is  quite  flat,  having 
gentle  slopes  either  way;  the  summit,  near  the  southwest  comer  of  the  section,  having 
a  width  of  400  paces,  and  rising  to  an  altitude  of  1,040  feet  above  Lake  Superior.  For 
half  a  mile  northward,  the  descent  is  only  60  feet  All  along  the  south  line  of  Sec.  23 
the  ground  is  neariy  level,  not  varying  40  feet  On  the  west  line  of  Sec.  26,  the  top  of 
the  ridge  is  near  the  quarter-post  with  an  altitude  of  1,060  feet;  half  a  mile  both  north 
and  south,  the  ground  is  only  90  feet  lower.  In  the  south  half  of  Sec.  27,  the  Oogoga- 
shugun,  the  main  tributaiy  of  the  Montreal,  crosses  to  the  northward  in  a  narrow  rock 
gorge,  with  steep  hills  on  the  west  side  and  a  much  more  gradual  rise  on  the  east 
Where  it  crosses  the  south  line  of  Sec  27,  the  Gogogashugun  has  an  altitude  of  about 
980  foet  West  of  this  river,  we  find  the  ridge  having  the  following  course  and  alti- 
tudes: crossing  the  south  line  of  Sec.  27,  400  paces  east  of  the  southwest  comer —  alti- 
tude 1,060  feet  and  100  feet  above  the  Gogogashugun;  passing  near  the  center  of  Sec 
32— altitude  1,100  feet;  leaving  Sec  82  nearthe  southwest  comer— altitude  1,060  feet; 
crossing  the  west  line  of  Sec  6,  T.  45,  R.  2  E.,  400  paces  north  of  thesouthwest«comer— 
altitude  1,100  feet  from  where  the  descent  northward  is  about  100  feet  in  half  a  mile, 
the  ridge  now  beginning  to  be  more  sharply  defined;  crossing  Sec  1,  T.  45,  B.  1  £.,  to 
the  south  quarter-post,  where  the  altitude  is  1,100  feet;  leaving  Sec  11,  900  paces  north 
of  the  southwest  comer  —  altitude  1,100  feet,  and  descent  100  feet  to  the  west  quarter- 
post;  crossing  the  south  line  of  Sec.  10,  300  paces  east  of  the  quarter-post— 1,140  feet 
and  descent  to  the  southwest  comer  190  feet;  leaving  Sec  15  at  about  the  west  quarter- 
pott  where  the  altitude  is  1,140  feet  and  where  the  descents  to  the  northwest  and 
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wnthwest  comets  are  respectively  200  and  100  feet;  and  leaving  Sec.  16  near  the  south- 
west comer  —  altitude  1,120  feet,  and  descents  within  half  a  mile  north  and  south,  re- 
spectively, 200  and  70  feet 

On  the  west  line  of  Sec.  20,  the  Potato  riyer  crosses  the  Iron  Range  in  a  narrow  valley 
over  150  feet  deep,  with  high  cliffs  of  rock  on  the  east  side.  Where.the  west  line  of  Sec.  20 
crosses  the  Potato,  600  paces  north  of  the  southwest  comer,  the  river  surface  is  950  feet 
above  Lake  Superior.  Thus  far,  the  range,  though  for  some  time  it  has  been  growing 
more  prominent,  has  shown  only  rare  and  small  rock  exposures.  From  the  Potato 
westward,  it  continues  to  become  more  prominent,  and  the  rock  exposures  more 
and  more  numerous,  especially  near  the  summit.  At  the  southwest  comer  of  Sec.  19, 
the  top  of  the  ridge  has  an  altitude  of  1,090  feet,  and  in  Sec.  25,  T.  45,  R.  1  W.,  one  of 
1,120  feet,  at  700  paces  south  of  the  north  quarter-post,  at  which  the  altitude  is  1,023 
feet,  the  crest  being  quite  narrow.  Farther  east,  the  crest-line  crosses  the  section  lines 
as  folloiro:  west  line  Sec.  25,  200  paces  south  of  the  quarter-post — altitude  1,155  feet; 
west  line  Sec  26,  at  the  southwest  comer  — 1,195  feet. 

In  the  N.  W.  quarter  of  Sec  34,  numerous  deep  ravines,  setting  down  towards  the 
Tyler's  Fork  branch  of  Bad  river,  indent  the  north  face  of  the  ridge.  On  the  west  line  of 
Sec.  31,  Tyler's  Fork  passes  the  hxm  Range  in  a  deep  valley  similar  to  that  at  the  passage 
of  the  Potato,  but  having  at  the  bottom  a  narrow  rock  gorge,  with  a  series  of  water-fallsi 
Above  the  foils,  200  paces  north  of  the  west  quarter-post  of  Sec.  34,  the  river  surface  is 
860  feet  above  the  lake.  Sec  33  is  crossed  from  about  200  to  300  paces  north  of  the  east 
quarter-post,  to  215  paces  north  of  the  southwest  comer^  600  paces  north  and  150  south 
of  the  east  quarter-poet,  the  crest  of  the  ridge  is  at  940  feet  altitude,  and  on  the  west 
line  of  the  section,  972  feet,  vnth  a  fall  to  the  northward  of  a  hundred  feet  vnthin  a 
quarter  of  a  mile.  Half  way  across  Sec.  33,  on  ihe  north  slope  and  near  the  top,  is  one 
of  the  large  exposures  of  magnetic  schist  which,  from  here  westward,  continue  almost 
constantly  to  mark  the  crest  of  the  range.  It  is  200  feet  long  and  20  feet  high.  West- 
ward from  here,  we  find  the  crest  line  crossing  the  south  line  of  Sec.  32, 100  paces  east 
of  the  quarter-post— altitude  1,120  feet;  the  west  line  of  Sec  5,  T.  44,  R.  1  W.,  400 
paces  south  of  the  northwest  comer — altitude  1,175  feet,  descending  to  1,030  at  the 
northwest  comer;  the  west  line  of  Sec.  6, 100  paces  south  of  the  quarter-post,  at  the 
top  of  a  bold  precipice  of  siliceous  sLite,  facing  southward — altitude  1,140  feet;  the 
middle  line  of  Sec.  1,  T.  44,  R.  2  W.,  150  paces  south  of  the  centre —altitude  1,070 
feet;  and  ihe  west  line  of  the  same  section,  at  the  southwest  comer — altitude  950  feet, 
descending  northward  100  feet  in  a  quarter  of  a  mile.  In  Sec.  11,  Ccurie's  creek  passes 
the  ridge  from  the  southward,  in  a  deep  and  narrow  valley,  the  hill-side  to  the  west  of 
the  creek  showing  high  cliffis  of  slate.  Where  the  creek  crosses  the  north  Hne  of  Sec. 
11,  275  paces  east  of  the  north  quarter-poet,  the  surface  is  860  feet  above  Lake  Superior. 
Westward  from  here,  we  find  the  lidge  quite  narrow,  and  with  the  valley  of  Carrie's 
creek  200  to  400  feet  deep  all  along  in  front.  The  following  are  the  positions  and  alti- 
tudes of  the  crest:  189  paces  south  of  ihe  north  quarter-post  of  Sec.  11,  990  feet;  just 
north  of  the  west  quarter-poet  of  the  same  section,  995  feet;  300  paces  north  of  the 
south  quarter-post  of  Sec.  10,  in  which  section  the  ridge  takes  an  abmpt  turn  from  a 
northeast-southwest  course  to  one  nearly  due  west,  1,190  feet,  or  over  400  feet  above 
Carrie's  creek,  a  mile  northward;  and  200  paces  north  of  the  southwest  comer  of  the 
same  section,  1,085  feet.  Beyond  the  last  point,  the  course  is  nearly  along  the  south 
line  of  sections  9,  8  and  7,  changing  gradually  from  the  north  to  the  south  side  of  the 
line;  200  paces  north  and  100  east  of  the  south  quarter-post  of  Sec.  9,  the  altitude  is 
1,080  feet;  and  60  paces  south  of  the  southwest  comer  of  the  same  section,  940  feet. 
The  last  point  is  on  the  top  of  a  bold  south-facing  diif  of  slate,  200  feet  high,  from 
which  a  wide  view  of  the  interior  is  obtained.  Tins  diff,  known  as  Mount  Whittlesey, 
swings  d)roptly  around  and  faces  eastward  towards  the  valley  in  which  two  small  tribu- 
VoL.  III.— 5 
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tarie*  of  Cnrrie's  creek  crow  the  mnge.  Where  the  e&stemmost  of  these  croeses  tiie 
sooth  line  of  Sec  8,  it  is  710  feet  abore  Lake  Superior.  Passing  this  valley,  we  soon 
rise  again  rapidly,  reaching,  at  a  point  105  paces  south  of  the  quarter-post  of  Sec.  8,  an 
altitude  of  850  ifeet.  Westward  from  here  to  the  crossing  of  Bad  river  in  Sec.  14,  T. 
44,  R.  3  W.,  the  range  continues  without  break,  having  numerous  ledges  of  rock, 
especially  on  the  summit  and  southern  slope,  and  about  the  following  course  and  alti- 
tudes: across  the  northern  part  of  Sec.  17,  to  a  point  on  the  west  line,  about  150  paces 
Bouth  of  the  northwest  comer  of  the  section— altitude  940  feet;  through  the  northern 
part  of  Sec.  18,  with  a  slight  curve  southward,  crossing  the  west  line  500  paces  Eouth  d 
the  northwest  comer— altitude  910  feet;  through  the  northem  part  of  Sec  13,  T.  44, 
R.  3  W.,  crossing  the  west  line  500  paces  south  of  the  northwest  comer — altitude  915 
feet;  and  about  half  way  across  Sec.  14  to  the  passage  of  Bad  river,  known  as  Penokee 
Gap. 

The  topography  of  the  district  in  the  immediate  vicinity  of  Penokee  Gap  is  shown  in 
detail  on  Atlas  Plate  XXIII.  Where  the  river  crosses  the  north  line  of  Sec.  14,  it  is  670 
feet  above  Lake  Superior.  The  valley  is  50  to  300  steps  in  width,  with  highest  and 
boldest  hiUs  on  the  west  side,  where  there  are  large  cliffs,  above  which  the  ground  rises 
rapidly  to  over  200  feet  above  the  river  at  foot  Moreover,  we  find  the  ridge  to  the  west 
of  Bad  nver,  making  an  abrapt  set-off  northward  of  about  800  feet,  in  direct  corre- 
spondence with  a  faulting  in  the  rocks,  having  a  similar  direction  and  amount 

Westward  from  Penokee  Gap,  the  Iron  Range  continues  high,  narrow  and  bold. 
Sec  14  is  left  100  paces  south  of  the  northwest  comer,  where  the  altitude  is  919  feet, 
and  the  descent  northward  over  250  feet  in  half  a  mile.  Thence,  Sec.  15  is  crossed  just 
south  of  the  north  line,  the  crest  having,  near  the  Penokee  mine,  at  a  point  about  65 
paces  south  and  600  west  of  the  northeast  comer  of  the  section,  an  altitude  (rf  just  1,000 
feet,  as  determined  with  the  level  by  Mr.  W.  W.  Rich,  chief  engineer  of  the  Wisconsin 
Central  Railway.  Beyond  this  to  the  westward,  no  accurate  barometrical  observations 
have  been  taken.  Through  Sec.  16,  the  ridge  continues  on  its  easterly  course  to  the 
northwest  quarter,  when  it  begins  to  veer  more  towards  the  southwest.  This  new  course 
is  maintained  through  Sec  17,  which  is  left  a  quarter  of  a  mile  north  of  the  southwest 
comer,  where  there  is  a  partial  gap;  through  Sec.  18  to  the  southwest  comer;  and  a 
short  distance  into  Sees.  13  and  24,  T.  44,  R.  4  W.,  where  the  ridge  comes  to  an  abrapt 
end,  the  ground  dropping  off  150  feet  within  a  few  hundred  steps.  In  all  this  portion 
of  its  course,  there  are  frequent  mural  exposures  on  the  south  side  of  the  range,  which 
are  due,  togeth<?r  with  a  simultaneous  flattening  of  the  northem  slope,  to  a  very  con- 
siderable lessening  in  the  angle  of  the  dip,  which  everywhere  east  of  Bad  river  is  60*"  to 
70*,  while  now  it  decreases  to  50",  40°,  and  even  25*.  Beyond,  a  low  ridge  continues 
with  a  northwesterly  course,  thus  coinciding  with  the  trend  of  the  formation,  through 
Sec  13,  to  the  west  quarter-post  where  it  ceases  altogether.  All  across  T.  4i,  R.  4  W., 
the  ground  is  low  and  wet,  although  Mr.  C.  £.  Wright's  magnetic  observations  seem  to 
demonstrate  the  continuance  with  a  somewhat  devious  course  of  the  rock  belts  which 
make  up  the  Penokee  Range.  Some  change  in  nature -or  dip,  or  both,  must  however, 
be  imagined  to  account  for  this  entire  absence.  Here,  then,  the  granitic  region  to  the 
south  and  the  Gabbro  Range  to  the  north  of  the  line  of  the  Penokee  Range,  merge  into 
one  another. 

Passing  now  to  T.  44,  R.  5  W.,  we  find  the  Huronian  rocks  reappearing  at  the  sur- 
face, and  forming  again  a  prominent  ridge,  which  is,  however,  l>roken  into  more  or  less 
thoroughly  detached  portions.  In  the  northem  part  of  Sec.  2;^  and  southem  of  Sec.  U, 
we  firrt  find  a  ridge  again,  made  up  of  essentially  the  same  forinations  as  the  Penokee 
Range  proper,  and  some  200  to  250  feet  high.  It  runs  along  the  north  side  ol  the 
Maringooin  river,  to  Sec  15,  where  the  ground  becomes  low  again,  until  Sec  16  v$ 
reached.    There  the  same  rocks  rise  into  a  ridge  some  300  feet  high,  in  the  southern 
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part  of  the  seciaon,  and  to  the  southeast  of  the  Maringonin,  passing  oat  at  the  south- 
west comer,  and  again  falling  off.  In  the  sonthwest  quarter  of  Sec  17  is  again  a 
ridge  some  400  feet  in  height,  but  made  up  of  more  northern  belts  of  rock  than  those 
oonstituting  the  Penokee  Range  proper. 

The  region  of  ridgy  country  lying  north  of  the  Penokee  Kange  is  not 
to  be  subdivided  into  a  series  of  sharply  defined  ridges,  stretching,  Kke 
the  Iron  Eange  itself,  entirely  across  the  district,  but  rather  consists  of 
one  broad  mass,  which,  in  the  vicinity  of  the  lines  of  the  several  large 
streams  that  pass  it  to  the  northward,  separates  into  a  succession  of 
short  and,  for  the  most  part,  rather  broad  belts  of  high  land,  that  owe 
their  existence  to  the  tendency  of  the  subordinate  streams  to  hollow 
out  vaUeys  in  tlie  lines  of  strike.  Midway  between  the  main  streams, 
these  secondary  ridges  blend  more  or  less  completely  into  one  broad 
elevation.  As  already  said,  however,  usage  has  recognized  two  main 
ridge  belts,  which  have  a  somewhat  close  relation  to  the  underlying 
rock  structure. 

Of  these  two,  the  Gabbro  Range  includes  the  series  of  ridges  lying 
immediately  north  of  the  depression  which  nearly  all  along  marks  the 
front  of  the  Iron  Range.  The  width  of  the  gabbro  belt  of  high  land  is 
from  three  to  four  miles,  and  its  general  altitude,  away  from  the  main 
water  courees,  700  to  900  feet.  Beginning  on  the  Montreal  river,  in 
Sees.  13,  11  and  12,  T.  46,  R  2  E.,  we  find  this  ridge  with  a  general 
altitude  of  about  900  feet,  and  showing  numerous  low  mural  rock 
ledges.  Thence  we  follow  it  across  the  Gogogashugnn  to  the  south- 
west corner  of  T.  46,  R.  1  E.,  in  the  southern  and  southeastern  parts  of 
which  township  some  heavy  cliffs  of  rock  are  found  bounding  the  ridge 
on  its  southern  side,  towards  the  valley  of  that  branch  of  the  Potato 
river  which  here  occupies  the  depression  to  the  north  of  the  Iron 
Range.  Thence  the  course  is  in  the  same  direction  across  T.  45,  R.  1 
W.,  in  which  town  the  belt  is  crossed  by  both  the  Potato  and  Tyler's 
Fork  rivers.  On  the  west  line  of  T.  45,  R  1  W.,  there  is  a  blending 
of  the  several  constituent  ridges  into  one,  even  the  usual  depression  in 
front  of  the  Iron  Range  becoming  less  marked.  In  T.  45,  R  2  W.,  the 
valleys  of  the  two  westward  flowing  branches  of  Carrie's  creek,  and 
that  of  the  long  bouthwesterly  stretch  made  by  Tyler's  Fork,  produce 
four  very  prominent  and  well  defined  ridges,  counting  from  the  Iron 
Range  on  the  south  to  the  low  land  on  the  north. 

In  the  southwestern  part  of  T.  45,  R  2  W.,  and  the  adjoining  north- 
west comer  of  T.  44,  R.  2  W.,  Bad  river  passes  the  Gabbro  Range. 
The  river  surface,  at  the  south  line  of  Sec.  30,  is  about  600  feet  above 
Lake  Superior,  while  on  the  north  line  of  the  same  section  it  is  but 
little  over  500,  the  river,  in  the  intervening  space,  having  made  a  wild 
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series  of  rapids  and  falls  over  granitic  rocks.  On  both  sides  of  the 
river  the  hills  rise  boldly,  and  on  the  west  soon  reach  an  altitude  of 
nearly  900  feet.  West  of  Bad  river  the  Copper  and  Gabbro  Ranges 
blend  into  one,  having  on  the  south  the  marked  depression  in  whose 
western  extension  lie  English  and  Bladder  lakes.  The  range  now  has 
a  considerable  width,  stretching,  as  we  trace  it  westward  from  the 
southern  parts  of  T.  45,  ranges  3,  4  and  5  "W.,  more  and  more  into  the 
northern  parts  of  T.  44.  All  along  this  portion  of  its  course,  the 
Gabbro  Kange  is  broken  into  innumerable  small  ridges  which  show 
cliflfy  outcrops,  usually  of  very  coarsely  crystalline  gabbro,  facing  in 
every  direction,  single  ledges  often  having  a  height  of  over  25  feet  and 
a  length  of  several  hundred. 

The  Copper  Range,  so  called  because  the  rocks  along  its  course  have 
been  found  to  carry  copper,  is,  for  the  most  part,  not  distinct  topo- 
graphically from  the  Gabbro  or  Greenstone  Range.  Still,  including  as 
it  does  the  northernmost  portion  of  the  whole  ridge  region,  the  Copper 
Range  presents  a  continuous  steep  front  towards  the  lowlands  on  the 
north  across  the  whole  width  of  the  district.  At  the  mouth  of  the 
Montreal  river,  this  steep  slope  begins  directly  at  the  lake  shore,  where 
there  is  a  vertical  rise  of  nearly  100  feet,  and  beyond  a  steady  ascent 
to  an  altitude  of  over  500  feet  within  three  miles.  Further  west  the 
front  of  the  range  recedes  rapidly  from  the  lake,  and  takes  a  south- 
westerly course  to  about  the  middle  of  the  northern  part  of  T.  45,  R  2 
W.,  whence,  to  the  Brunschweiler  river,  in  the  northern  part  of  T.  45, 
R.  4  TV.,  the  course  is  nearly  west.  Beyond  the  Brunschweiler,  it 
seems  to  become  less  prominent,  and  at  the  same  time  trends  somewhat 
south  of  west  to  the  west  line  of  the  district.  Everywhere  east  of  the 
Brunschweiler  there  is  a  steady  rise  from  the  southern  edge  of  the  low- 
lands, at  an  altitude  of  100  to  150  feet  to  one  of  about  500  to  600  feet, 
within  three  miles.  Being  obliged  to  make  so  rapid  a  descent,  the 
larger  rivers,  where  they  leave  the  highlands,  have  produced  heavy 
falls  and  rapids,  and  have  worn  out  deep  and  narrow  rock  gorges. 

In  its  eastern  portions  the  Copper  Range  reaches  a  width  of  six 
miles,  and  at  its  southern  edge  an  altitude  of  700  to  800  feet  above  the 
lake.  Over  most  of  this  broader  portion,  however,  the  altitude  does 
not  exceed  550  to  650  feet,  the  surface  being  generally  level  and  show- 
ing  only  very  rarely  rock  ledges.  West  of  the  Potato  river  the  breadth 
lessens  rapidly,  and  after  Bad  river  is  crossed  never  exceeds,  for  the 
Copper  Range  proper,  more  than  two  miles. 

For  further  ideas  on  the  topography  of  the  ridge  region,  reference  is 
made  to  the  list  of  barometrical  and  other  altitudes  given  on  subsequent 
pages,  to  the  general  maps  of  the  district  (Plates  XXI  and  XXII  of 
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the  Atlas),  and  to  the  detailed  descriptions  of  other  portions  of  this 
report 

The  Lowland  Area^  Ijing  between  the  foot  of  the  Copper  Range 
and  the  shores  of  Lake  Superior,  has  a  surface  in  general  from  100 
to  200  feet  above  the  lake.  At  the  southern  edge  it  is  somewhat 
higher  than  this;  while  the  shore  bluflfs  are  seldom  over  25  to  50  feet 
in  height,  a  considerable  area  about  the  mouth  of  Bad  river  being  but 
a  few  feet  above  the  lake  level.  In  minor  detail,  however,  the  low- 
land area  is  much  broken  up.  It  is  everywhere  underlaid  by  a  heavy 
deposit  of  red  marly  clay,  mingled  with  more  or  less  sand,  and  a  few 
boulders.  Through  this  clay  the  several  main  rivers,  as  well  as  all  the 
tributaries,  down  to  the  smallest,  have  had  but  little  difficulty  in  cut- 
ting deep  and  narrow  channels.  As  a  result,  we  find  the  surface 
carved  in  every  direction  into  steep-sided,  narrow  water  courses  from 
25  to  100  or  more  feet  in  depth;  the  bare  clay  banks  in  the  cases 
of  the  larger  streams  not  unfrequently  rising  almost  perpendicularly 
from  the  water's  edge.  Such  a  country,  to  the  foot  traveler,  the  only 
one  who  can  as  yet,  to  any  extent,  traverse  this  region,  is  to  the  last  de- 
gree annoying,  especially  if  he  is  traveling  along  one  of  the  main 
streams,  as,  for  instance.  Bad  river,  where,  in  following  the  trail,  he  no 
sooner  succeeds  in  climbing  out  of  one  ravine  than  he  is  obliged  to  de- 
scend into  another.  Foilowing  the  lake  shore  itself,  a  few  rods  inland, 
is  nearly  as  bad,  each  of  the  numerous  little  spring  brooks  that  run 
into  the  lake  following  a  deep  ravine.  Of  course  the  same  feature 
makes  road  and  railroad  building  difficult,  as  is  shown  by  the  great 
number  of  bridges  along  the  line  of  the  Wisconsin  Central  Eailroad, 
two  of  which,  those  across  the  valleys  of  the  Wliite  river  and  Silver 
creek,  are  of  iron,  erected  at  great  cost,  respectively  over  1300  feet  and 
600  feet  in  length,  and  100  feet  and  85  feet  in  height.  Except  about 
the  mouth  of  Bad  river,  where  there  is  a  considerable  area  of  open 
marsh,  the  lowland  district  does  not  show  any  large  areas  of  swamp, 
though  in  T.  46,  R  2  W.  and  R  3  W.,  in  the  Indian  Reservation, 
small  swamps  are  quite  numerous. 

The  Bayfield  Bidge.  Only  the  eastern  end  of  the  Bayfield  Ridge 
is  included  within  the  district  now  reported  on.  Most  of  it  is  con- 
tained in  the  region  examined  by  Mr.  E.  T.  Sweet,  in  whose  report  it 
will  be  found  described.  The  top  of  this  ridge  has  an  altitude  of  from 
450  to  600  feet  above  Lake  Superior.  The  high  ground  stretches  well 
to  the  lake  shore  all  around,  being  especially  bold  along  the  coast  of 
the  extreme  end  of  the  peninsula  known  to  the  old  French  voyageurs 
as  the  "  D6tour,"  and  leaving  nowhere  more  than  a  very  narrow  slip  of 
bwland  along  the  shore.    As  seen  from  the  southeast,  this  high  country 
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stands  out  very  boldly,  conveying  the  idea  that  it  is  one  of  the  promi- 
nent rock  ranges  that  are  so  characteristic  of  the  whole  basin  of  Lake 
Superior.  But,  on  closer  examination,  it  is  found  to  be  everywhere 
heavily  covered  by  drift  materials;  boulders  and  sand  drift  in  the  in- 
terior, and  red  marly  clay  nearer  the  coast.  Kock  exposures  are  abso- 
lutely wanting,  if  we  except  the  low  cliffs  of  horizontal  sandstone  so 
frequent  along  the  lake  shore.  On  top  of  the  ridge,  away  from  the 
stream  valleys,  the  surface  is  generally  level,  being  roughened  only  by 
drift  knolls  and  depressions,  and  altogether  without  the  narrow  linear 
rock  ridges  that  characterize  its  western  extension  into  Douglas  county. 
Coast  Features.  Considered  in  general,  the  coast  of  the  mainland 
portion  of  the  district  presents  the  following  prominent  features:  (1) 
near  the  mouth  of  the  Montreal  river,  about  a  mile  of  coast  line 
trending  northeast,  which  is  the  western  end  of  the  long  stretch  of 
bold  coast  that  begins  at  the  head  of  Keweenaw  Point;  (2)  about  22 
miles  of  low  coast  line,  the  edge  of  the  level  plain  that  lies  north  of 
the  Copper  Eange,  trending  at  right  angles  to  the  last  course,  or  about 
northwest,  and  ending  in  the  long  sand  spit  known  as  Chaquamegon 
Point,  the  whole  stretch  standing  directly  across  the  depression  lying 
between  the  Bayfield  and  Keweenaw  ridge  belts;  (3)  the  broad  but 
shallow  bay,  known  to  the  Chippewas  as  Chaquamegon,  or  Long 
Island  Bay,  which  lies  directly  in  the  line  of  depression  just  mentioned; 
and  (4)  the  bold  coast  of  the  Bayfield  peninsula,  which  has  in  all  a 
length  of  about  42  miles,  and  is  bordered  for  much  of  its  extent  by 
low  cliffs  of  horizontal  red  sandstone,  with  deep  water  dose  in  shore. 
These  cliffs,  as  also  similar  ones  on  the  Apostle  Islands,  have  been 
worn  by  the  waves  into  a  variety  of  caves  and  arches,  and,  clothed  as 
they  are  to  the  very  edge  with  heavy  forest,  constitute  not  the  least  at- 
tractive portion  of  the  scenery  of  Lake  Superior. 

The  following  details  are  condensed  from  notes  taken  along  the  coast.  Beginning 
on  the  east,  we  find,  at  the  mouth  at  the  Montreal  rirer,  difis  of  highly  inclined  red 
sandstone  surmounted  by  red  day,  rising  aturuptly  about  90  feet  from  the  water.  The 
river  enters  the  lake  through  a  picturesque  little  bay,  at  the  head  of  which,  a  few  rods 
from  the  lake  shore,  is  a  series  of  bold  falls,  90  feet  in  height,  over  the  nearly  vertical 
ledges  of  the  sand-rock.  Westward  from  the  Montreal,  the  sandstone  soon  dies  away, 
the  red  clay  forming  the  whole  height  cl  the  cliff,  which  gradually  lowers  to  about  40 
to  60  feet.  This  height  continues  to  Clinton  Point,  except  where  a  number  of  very 
steep-sided  and  wooded  ravines  are  cut  down  through  the  clay.  At  Clinton  Point,  and 
for  some  distance  east,  horizontal  ledges  of  sandstone  underlie  the  day,  and  in  plact»s 
stretch  out  for  some  distance  just  under  the  waters  of  the  lake.  Westward  from  Clin- 
ton Point,  the  di^  banks  become  lower,  finally  disappearing  altogether  near  the  east 
line  of  Sec  27,  T.  48,  R.  2  W.,  where  the  open  mareh  through  which  Bad  river  reaches 
the  lake  begins.  All  along  on  the  lake  side  of  this  marsh  is  a  narrow  sand  beach,  often 
heaped  into  ridges  and  dunes  by  the  wind  and  waves.  This  character  continues  to  th? 
neck  ol  Chaquamegon  Point,  which  is  a  sand-spit  stretching  seven  miles  in  the  same 
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dizeciioa  as  the  more  eaatem  part  of  the  coast,  and  separating  Chaquamegon  Bay  from 
the  open  lake.  The  width  of  the  point  is  from  300  feet  to  over  1000  feet.  It  is  com- 
posed wholly  of  sand,  thrown  up  by  the  waves,  but  has  a  scant  undergrowth  of  grass 
and  stunted  trees  along  the  centre  for  most  of  its  length.  In  its  wider  portions  the 
point  presents  several  parallel  sand  ridges,  with  the  steepest  side  towards  the  open  lake, 
but  the  narrower  parts  show  only  one  such  ridge.  During  the  severe  storm  of  Septejn- 
ber,  1872,  the  waves  of  the  lake  Inoke  through  the  point  near  its  eastern  end,  produc- 
ing a  passage  several  hundred  feet  in  width,  and  deep  enough  for  small  boats.  The 
same  thing  has  happened  before,  the  channels  gradually  filling  up  again.  A  large  in- 
let existed  some  twenty  years  since  nearer  the  head  of  the  point,  and  its  place  is  now 
indicated  by  a  level  area  of  sand  without  vegetation,  stretching  entirely  across  the  spit. 
From  the  mouth  of  the  Montreal  to  the  end  of  Chaquamegon  Point,  the  three-fathom 
line  of  the  Lake  Survey  Chart  is  not  far  from  shore,  and  half  a  mile  from  shore  there 
is  generally  from  six  to  seven  fathoms  of  water.  At  the  mouth  of  Bad  river  is  a  sand 
bar;  but  just  inside  the  river  is  broad  and  deep,  and  could  be  improved  so  as  to  make 
an  excellent  harbor.  Steam  tugs  ascend  the  river  some  fifteen  miles  to  the  ^Is,  on 
Sec  25,  T.  47,  R.  3  W. 

Chaquamegon  Bay  is  about  twelve  miles  long  and  six  wide  in  the  broadest  part,  the 
opening  between  the  end  of  Chaquamegon  Point  and  the  Bayfield  coast  being  about 
three  miles  across.  The  deepest  water  in  the  bay  is  to  be  found  on  the  western  side,  where 
there  is  from  four  to  eleven  fathoms  in  the  channel,  which  runs  quite  dose  to  the  Bay- 
field coast.  All  of  the  eastern  part,  comprising  more  than  half  the  whole  area  of  the 
bay,  is  shallow,  having  less  than  three  fathoms  of  water,  while  a  large  area  under  the 
lee  of  Chaquamegon  Point,  and  along  the  eastern  shore,  is  much  shallower  than  this. 
At  Ashland,  the  three-fathom  line  is  a  mile  from  shore,  and  the  two-fathom  line  half  a 
mile,  so  that  long  piers  are  necessary  for  the  steamboat  landings.  At  the  head  of  the 
bay,  where  Fish  creek  enters,  there  is  a  still  wider  belt  of  shallow  water,  the  two-fathom 
line  being  a  mile  and  a  half  from  shore.  On  the  north  ea^t,  near  the  neck  of  Chaquame- 
gon Point,  the  shore  of  the  bay  is  low,  open  marsh,  through  which  enters  a  wide  and 
deep  bayou,  with  a  number  of  branches,  which  is  known  to  the  Chippewas  as  the  Eau- 
kaugon,  and  which  was,  undoubtedly,  at  one  time,  the  channel  through  which  Bad  river 
reached  the  lake.  Following  the  shore  southwestwardly  from  here,  we  find  the  marsh 
extending  with  a  low  sand  beach  in  front  for  about  seven  miles,  when  low  banks  of  the 
red  day  begin  which  continue  to  the  head  of  the  bay.  At  Ashland,  the  clay  blufe  are 
twenty-five  to  thirty  feet  in  height  and  are  cut  as  everywhere  by  deep,  steep-sided, 
wooded  ravines,  a  number  of  which  are  crossed  on  bridges  by  the  streets  of  the  town. 
At  the  mouth  of  Fish  creek,  and  extending  from  it  around  the  head  of  the  bay  to  about 
the  southeast  comer  of  Sec.  24,  T.  48,  R.  5  W.,  is  marsh. 

Here,  following  now  the  Bayfield  coast,  begins  a  low  diff  of  red  sand-rock  ten  feet 
high,  and  surmounted  by  five  feet  of  red  clay.  The  sand-rock  extends  only  for  some 
three  hundred  feet,  beyond  which  the  entire  bank  is  made  up  of  clay.  All  through  Sec. 
19,  T.  48,  R.  4  E.,  and  to  the  sand  beach  at  the  creek  in  Sec.  18,  there  are  low  banks  of 
red  day,  out  of  which  numerous  boulders  have  rolled,  and  formed  a  line  along  the  water's 
edge.  Beyond  the  creek  in  Sec  18  the  red  clay  banks,  twelve  to  fifteen  feet  high,  and 
with  occasional  low  ledges  of  sandstone  at  foot,  one  to  six  feet  high,  extend  to  Yander- 
venter*s  creek  in  Sec.  7.  Here  begins  a  sand  beach  which  continues  to  and  beyond  the 
creek  in  Sec  5.  On  Sec  5,  the  coast  trends  nearly  eastward,  and  we  are  on  the  south 
side  of  the  bulge  in  the  coast  which  occupies  the  southern  half  of  T.  49,  R.  4  E.,  and  the 
extremity  of  which  is  known  as  Houghton  Point.  Here  the  banks  of  day  begin  again, 
with  frequent  low  rock  ledges  at  foot,  the  clifiBs  evidently  extending  some  distance  below  the 
water,  which  \a  deep  dose  to  the  shore.  From  McClellan  to  Houghton,  in  Sec  27,  the 
rock  diff  is  10  foet  high,  and  the  ground  very  steep  above.  Beyond  Houghton,  the  rock  difif 
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continues  to  within  a  fourth  of  a  mile  of  Sioux  river,  which  comes  in  through  a  manh 
fronted  by  a  low  sand  beach.  Ttaa  beach  continues  to  Owen's  creek,  cm  the  N.  W, 
qr.  of  Sec.  5,  and  beyond  are  clay  banks  fifteen  feet  high,  the  day  soon  giving 
place  to  the  red  sand-rock,  which,  in  the  northern  part  of  Sec.  33,  forms  a  cliff  twenty 
feet  high,  with  bold  ground  above.  This  cliff  extends  nearly  to  the  town  site  of  Bayfield, 
being  broken  only  by  the  short  sand  beach  at  the  mouth  of  Pike's  creek,  S.  W.  qr. 
Sec.  27.  On  sections  22  and  23  the  rock  diff  is  often  twenty-five  feet  in  height  At 
Bayfidd  the  banks  are  high,  but  rise  more  gently  from  the  water.  Immediately  beyond 
the  Bayfield  pier,  however,  the  sand-rock  cliff  reappears,  overlaid  by  day,  and  rising 
beyond  rapidly  to  over  one  hundred  feet  above  the  water.  From  Sec.  6,  T.  50,  R,  3  W., 
to  Sec  29,  T,  61,  R.  3  W.,  there  is  a  beach  behind  which  the  ground  rises  rapidly. 
Then  begin  the  rock  cliffs,  which,  having  a  height  of  from  ten  to  twenty  feet,  and 
showing  many  interesting  instances  of  erosion  by  waves  into  caverns,  arches  and 
columns,  extend  along  nearly  all  of  the  rest  of  the  coast  to  the  limit  of  the  district  on 
the  west  line  of  R.  5  W.  There  are  important  breaks  in  the  diff  line  at  Red 
Cliff,  Frog,  Raspberry  and  Sand  Bays,  where  there  are  sand  beaches,  and  where  rivers 
and  creeks  of  the  same  name  enter  the  lake. 

From  Houghton  Point  to  Sand  Bay  there  is  deep  water  dose  in  shore;  generally 
Erom  eight  to  ten  fathoms,  and  in  some  cases  twenty.  Just  off  the  Bayfield  pier  there 
are  ten  fathoms,  it  being  possible  for  the  largest  vessels  to  approach  dose  to' the  town. 
Indeed,  the  harbor  of  Bayfield  and  La  Pointe  is  the  finest  on  the  American  side  of  the 
bike,  the  site  being  in  every  way  an  unusually  fine  one  for  a  town.  There  is  room  for 
any  number  of  the  largest  vessels,  the  whole  bay  being  well  protected  from  all  winds 
except  that  from  the  northeast;  and  from  this  also  the  eastern  side  of  the  harbor  is  well 
shdtered.  Moreover,  the  three  channels  by  which  the  harbor  is  approached  are  all  wide 
and  very  deep,  the  north  channd  showing  from  twenty-five  to  sixty  fathoms,  and  there 
are  no  dangers  at  all,  the  deep  water  everywhere  running  dose  to  the  shore  of  the 
islands.  At  Sand  Bay,  there  is  a  bar  with  about  five  to  fifteen  feet  of  water,  connecting 
Sand  Island  with  the  main  land,  but  farther  west  there  are  from  four  to  seven  fathoms 
dote  in  shore. 

The  Apostle  Islands^  iuclnding  the  smallest  islets,  are  just  twentj- 
fonr  in  number.  The  total  land  and  water  area  contained  within  the 
figure  produced  by  joining  the  outermost  points  of  the  group  is  about 
314  square  miles;  of  this  about  77  square  miles  are  land.  As  a  wbole^ 
the  group  trends  in  an  N.  E.-S.  W.  direction,  and  is  the  direct  contin- 
uation  of  the  Bayfield  peninsula.  The  islands  are,  however,  with  the 
exception  of  Sand  Island,  all  separated  from  the  main  land  by  a  chan- 
nel carrying  10  to  20  fathoms  of  water,  while  the  channels  between 
different  members  of  the  group  are  often  deeper  than  this,  running  up 
to  50  fathoms.  The  accompanying  plate  is  taken  directly  from  the 
Lake  Survey  Chart,  No.  3,  issued  by  the  Engineer  Department,  U. 
S.  A.,  except  the  lake  bottom  contours,  which  have  been  sketched 
in  from  the  figures  given  on  the  chart  referred  to.  Besides  the  shape 
of  the  bottom,  the  plate  shows  the  relative  positions,  sizes,  etc.,  of  the 
several  islands  of  the  group.  These  vary  considerably  in  size.  Made- 
leine  Island,  the  largest  of  the  group,  being  twelve  and  one-half  miles 
long,  and  from  a  little  over  one  to  a  little  over  three  in  breadth;  while 
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the  rocky  islet  between  Steamboat  and  Eagle  Islands  is  only  fifteen  feet 
in  diameter.  Most  of  the  islands  are,  however,  of  good  size,  i.  e.,  from 
ten  to  six  miles  in  length,  and  from  one  to  three  in  breadth. 

Oak  Island,  which  lies  directly  in  the  line  of  the  coast  of  the  Bayfield 
ridge,  rises  some  400  feet  above  the  level  of  the  lake;  one  or  two  othei's 
reach  perhaps  160  feet;  but  most  of  the  islands  do  not  rise  more  than 
50  to  75  feet,  several  not  over  10  to  20  feet  above  the  water.     Except 
where  clearings  have  been  made,  as  about  the  mission  on  Madeleine 
Island,  all  of  the  islands  are  densely  wooded  to  the  water's  edge;  for 
the  most  part  with  evergreen  timber.    All  of  them  have  a  basement 
of  sand-rock,  which  in  most  cases  is  in  sight,  especially  on  the  eastern 
sides,  where  it  frequently  rises  10  to  30  feet  perpendicularly  above  the 
water,  and  is  often  worn  into  many  picturesque  shapes.     Overlying 
the  sand-rock  nearly  everywhere  is  a  mass  of  reddish  and  sandy  clay, 
the  same  that  has  already  been  mentioned  as  appearing  all  along  the 
coast  of  the  mainland.     On  the  western  sides  of  the  islands,  and  to 
some  extent  also  on  the  eastern  sides,  this  clay  frequently  hides  the  un- 
derlying sand-rock  entirely,  rising  into  very  steep  bluffs,  which,  from  the 
bright  red  color  of  the  clay,  are  noticeable  from  a  ver}'  long  distance.  Not 
unfrequently  the  rain,  descending  from  the  surface  of  the  islands,  has 
worn  the  clay  into  more  or  less  completely  separated  towers  or  buttresses. 
A  glance  at  the  accompanying  map  of  the  Apostle  Islands  will  show 
that  there  is  a  tendency  to  a  linear  arrangement,  more  or  less  roughly 
parallel  to  the  general  trend  of  the  whole  group.    This  is  shown  in  the 
linear  outlines  of  individual  islands,  in  the  trends  of  the  separate 
islands,  in  the  trends  of  groups  of  the  islands,  in  the  positions  of  the 
bottom  contours,  and,  in  some  cases,  in  the  trends  of  valleys  or  lines  of 
elevation.    The  trends  of  the  Bayfield  coast  of  Chaquamegon  Bay,  and 
of  some  of  the  valleys  on  the  main  land,  have  evidently  some  connection 
with  the  same  linear  system.    The  origin  of  this  system,  so  far  as  it  is 
possible  to  assign  an  origin,  is  spoken  of  on  a  subsequent  page.    Be- 
yond doubt  the  islands  at  one  time  formed  part  of  the  main  land.   The 
work  of  separation  has  been,  of  course,  in  part  performed  by  the  action 
of  the  waves  of  the  lake;  but  the  main  agent  has  evidently  been  a  more 
powerful  one.    The  grouping  of  the  islands  alluded  to  above  is  one 
based  not  only  on  proximity,  or  the  following  one  another  in  a  straight 
line,  but  also,  and  more  especially,  upon  the  existence  of  shallower  water 
between  the  members  of  a  group  than  is  found  between  members  of 
different  groups.     Madeleine,  Michigan  and  Gull  islands  are  thus 
shown  to  be  merely  portions  of  one  line  of  elevation,  which,  moreover, 
extends  far  to  the  northeast  under  the  water  surface.     Below  are  given 
some  details  with  regard  to  the  several  islands. 
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Madeleine  Island  (Moniquanikang  Minis,  or  Yellow  Hammer  Island)  is  the 
lai^g^t  of  the  grroup,  having  a  length  of  twelve  and  one-half  miles,  and  a  breadth  of  from 
one  and  a  quarter  to  three  and  a  quarter  miles.  ITie  surface  is  level  to  rolling,  reach- 
ing in  the  highest  portions  an  altitude  of  perhaps  100  to  150  feet  above  the  lake.  Coast- 
ing the  island,  the  following  features  are  noticed :  All  along  the  northwestern  side,  which 
is  very  neariy  a  straight  Une,  trending  northeast,  or  with  the  general  course  of  the  group, 
the  ground  is  raised  but  a  little  above  the  lake  shore,  there  being  either  a  gravelly 
beach  or  a  low  bank  of  red  clay  along  the  water's  edge,  and  only  very  rarely  a  rock  ex- 
posure. The  harbor  of  the  old  French  settlement  of  La  Pointe  is  merely  a  wide  bend 
in  the  coast,  but  is  very  completely  sheltered,  and  has  deep  water  close  in  shore.  From 
La  Pointe  to  the  souUiem  point  of  the  island  are  banks  of  red  clay  in  places  over  90  feet 
in  height.  At  the  southern  extremity,  a  sand-bar  stretches  a  quarter  of  a  mile  south- 
westward,  just  above  the  surface  of  the  water,  and  as  much  farther  just  under  water, 
lliis  bar  is  said  to  have  been  rapidly  wasting  for  some  years  past.  Turning  the  point, 
we  find  the  southeast  side  of  the  island  made  up  of  several  overlapping  linear  stretches 
of  bold  bluff,  trending  more  to  the  eastward  than  the  northeastern  side,  and  united  by 
curving  beaches  of  sand,  with  low  ground  behind.  From  the  sand-spit  at  the  southern 
point  of  the  island,  to  the  beach  in  Sec.  27,  T.  50,  R.  3  W.,  there  are  high  clay  banks, 
rising  40  to  80  feet  above  the  lake,  and  having  at  foot  an  occasional  exposure  of  the  red 
sand-rock,  which  in  one  place,  on  Sec.  5,  T.  49,  R.  3  W.,  rises  boldly  25  feet  from  the 
water.  From  the  sand  beach  in  Sec.  27,  around  the  point  to  the  beach  in  the  next 
bay,  the  rock  ledges,  10  to  12  feet  high,  continue  all  along,  occasionally  with  a  clay  bluff 
above.  The  latter  beach  stretches  on  a  curve  through  sections  13  and  12,  T.  50,  R.  3 
W.,  and  Sec.  7  of  T.  50,  R.  2  W.  Behind  the  beach  is  a  bayou  and  a  large  swamp, 
which  extends  some  two  miles  inland,  and  beyond  doubt  fills  what  was  once  the  head  of 
the  bay.  Moreover,  the  line  of  blu&,  which  foims  the  north  side  of  the  bay,  continues 
on  the  same  course  entirely  across  the  island.  From  the  southeast  comer  of  Sec.  7,  T. 
50,  R.  2  W.,  all  along  the  north  side  of  the  bay  to  the  point  on  Sec.  35,  T.  51,  R.  2  W., 
there  are  high  day  banks.  At  the  point  the  rock  is  in  sight,  and  beyond,  to  the  north- 
west, gradually  gives  place  to  the  day,  the  banks  of  which  at  the  same  time  lessen  in 
height. 

Michigan  Island  (Bugadabi  Minis,  or  Hook  and  Line  Island)  is  a  continuation  of  the 
line  of  elevation  of  which  Madeleine  Island  forms  a  part  It  is  three  and  one-hall 
miles  long  and  one  and  a  quarter  broad  at  its  wider  or  southwestern  end,  from  where  it 
ia;pen  to  a  pomt  at  the  northwest  end.  High  bluffs  of  red  day  skirt  the  island  nearly 
all  around,  rising  sometimes  to  over  60  feet  above  the  water.  At  the  hght-honse,  on 
the  southern  side,  the  banks  are  very  high.  The  light  is  129  feet  above  the  lake.  ITie 
only  rock  visible  is  on  the  east  side  of  the  point  near  the  northeast  end.  Stretching 
from  here  towards  the  northeast  is  a  rock  reef,  more  or  less  covered  by  sand,  over 
which  the  water  is  only  a  few  feet  in  depth.    At  the  end  of  the  reef  is 

Gull  Island  (Giashco  Minis),  which  is  only  a  few  rods  in  length,  showing  rock  at  the 
northern  end,  with  a  beach  of  quite  large  bowlders.  The  southeast  end  is  clay.  This  has 
been  separated  from  Michigan  Island,  since  the  surveys  in  1824,  *25,  *26,  by  Captain 
Bayfield,  by  whom  the  first  accurate  map  of  the  Apostle  group  was  made. 

Basswood  Island  (Wigobi  Minis)  is  three  and  one-half  miles  long  and  one  and  one- 
half  wide  at  the  centre,  the  shape  being  an  oval  one,  with  the  greatest  diameter  trend- 
ing about  north- northeast  or  parallel  to  the  coast  line  of  the  mainland  immediately 
across  the  channel  Hie  island  rises  in  the  middle  to  about  100  feet  above  the  lake. 
The  shores  are  steep  all  around,  being  rock-diff  all  along  on  the  east  side,  and  da^ 
bank  on  the  west.  In  places  the  rock  rises  some  distance  above  the  lake,  as  shown  at 
the  large  quarry. 

Hermit's  Island  (Wilson^s  Island,  Ashuwagumdag  Minis,  or  Askew  Island)  is  one 
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of  the  smaller  islands,  "being  two  mfles  long  and  three-quarters  of  a  mile  broad.  On 
the  east  side  the  sandstone  clil&,  often  worn  into  deep  caves,  are  nearly  continuous, 
whilst  the  western  side  is  almost  wholly  clay  bank. 

Stockton's  Island  (Presque-Isle  or  Peninsula  Island,  Gegawewamingo  Minis,  or 
Burnt- wood  Island),  is  one  of  the  larger  islands,  being  seven  and  one-half  miles  long 
and  two  and  one-half  wide.  It  rises  about  75  feet  above  the  lake,  and  has  projecting 
from  its  southeastern  side  a  nurow  peninsula  about  a  mile  in  length,  from  which 
the  French  name  is  taken.  The  southeast  side  shows  sandstone  nearly  all  along, 
the  cli&  in  some  places  rising  30  feet  from  the  water.  Beyond  the  northern  point 
the  sandstone  lessens  in  height,  gradually  giving  place  to  the  clay,  which  forms  con- 
tinuous bluffs  all  along  the  western  shore. 

Outer  Island  (Gadiiishquaguindag  Minis)  is  six  and  one-quarter  miles  long  by  two 
and  one-half  wide,  trending  but  b'ttle  east  of  north.  On  the  east  side  the  rock  cliffs 
rise  from  5  to  20  feet  from  the  water.  AH  along  the  west  side  are  clay  banks  31  to  50 
feet  high,  often  worn  in  a  striking  manner  into  projecting  buttresses. 

Oak  Island  (Mitigominikang  Minis,  or  Acorn  Island)  is  the  highest  of  the  group.  A 
rather  unreliable  barometrical  determination  gave  432  feet  for  the  height  of  ihe  centre 
of  the  island.  It  is  three  and  one-half  miles  long  in  a  northwest-southeast  direction, 
and  two  and  one-half  wide.  In  the  interior  a  number  of  ravines  indent  the  surface. 
One  of  these,  very  marked  and  steep-sided,  is  100  feet  deep,  and  trends  northeast  to 
southwest  Except  on  the  northwest  comer,  where  there  is  a  clay  bank  of  75  feet, 
the  immediate  shores  of  the  island  are  not  very  high.  All  along  the  south  and  east 
sides  are  low  sandstone  cliffs,  the  north  and  west  sides  bemg,  as  usual,  all  clay  bank. 

Manitou  Island  (Devil*s  Island,  Tate*s  Island)  is  two  and  one-half  miles  long  in  a 
north  45"  east  direction,  and  about  a  mile  wide.  The  highest  parts  of  the  island  are  not 
more  than  50  feet  above  the  lake.  All  along  the  east  side  are  sandstone  clifh  10  feet  high . 
Tlie  western  side  is  low  clay  bank,  with  a  pebbly  beach  at  the  southwest  comer.  From  this 
beach  a  sand  spit  runs  half  a  mile  northwest,  and  at  the  end  of  the  spit  is  Little  Devil's 
Island,  an  islet  of  day. 

Iron  Wood  Island  (Higgins*  Island)  is  roughly  circular,  with  a  diameter  of  one  and  a 
quartor  miles.  It  does  not  rise  any  where  more  than  20  feet  above  the  water.  On  the 
east  the  rock  diff  is  8-10  feet  high,  without  day  above.  On  the  west  are  clay  banks  2  to 
30  feet  high,  with  rock  at  base  in  one  place. 

Cat  Island  (Hemlock  Island)  is  three  miles  long  in  a  north  and  south  direction,  and 
one  and  a  quarter  miles  wide  at  the  broader  or  southern  end,  where  it  rises  to  a  height 
of  about  75  feet.  The  rock  ledges  are  found  on  both  sides,  especially  in  the  narrow 
northern  part,  but  more  continuous  on  the  eastern  side,  where  the  diffs  are  15  feet  high. 
Tlie  day  is  present  as  usual,  and  forms  a  considerable  portion  of  the  west  coast  of  the 
island. 

Otter  Island  (Alabama  Island)  trends  northeast,  is  two  miles  long  and  one  and  a 
quarter  wide.  The  highest  part  is  about  60  feet  above  the  lake.  Contrary  to  the  general 
rule,  day  blufb  8-10  feet  high  are  found  on  the  southeast,  and  sandstone  cliff  10  to  12 
feet  high  on  the  north  and  northwest. 

Rocky  Island  (Rice*s  Island)  is  made  up  of  two  parts,  one  trending  a  little  east  of 
north,  two  miles  long  and  one  wide.  The  other,  a  narrow  neck  extending  one  and  one- 
half  miles  to  the  northeast,  with  an  under  water  extension  half  a  mile  farther  than  this. 
The  eastern  side  is  a  sand  beach  all  along,  with  a  narrow  strip  of  cedar  swamp  behind. 
On  the  west  side  the  day  banks  are  10  to  30  feet  high,  with  rock  in  sight  at  one  place. 
Although  so  little  rock  is  seen,  the  soundings  of  the  Lake  Survey  Chart  show  that  there  is 
a  rockj  bottom  for  some  distance  around  the  island.  A  shoal,  with  10  feet  of  water, 
connects  Otter  Island  with 
Willey's  Island  (South  Twin  Island,  Shoal  Island),  which  is  an  oval  one  mile  long  and 
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three-quarters  of  a  mile  wide.  It  rises  to  a  height  of  more  than  20  feet,  and  shows  no 
rock  at  all,  the  shores  being  altematingly  low  day  bank  and  sand  beach. 

Brown  Stone  Island  (North  Twin  Island— Cat  Island)  is  a  mere  rock  about  a  mile 
long  from  north  to  south,  and  a  quarter  of  a  mile  wide  in  the  middle,  tapering  to  the 
extremities.  The  rock  cliff,  15  feet  high,  is  continuous  all  around  except  at  the  north- 
east comer,  where  there  is  a  day  bank. 

Raspberry  Island  has  an  irregular  shape  and  a  length  of  about  a  mile.  The  south 
and  east  sides  show  clay  banks  10  to  50  feet  high,  broken  by  a  little  sand  beach.  The 
rock,  contrary  to  the  ordinary  rule,  appears  on  the  northwest  coast.  The  light  at  the 
light-house,  on  the  south  side,  is  77  feet  above  the  lake. 

Bear  Island  is  two  miles  long  by  one  and  three-quarters  miles  wide,  and  trends  a 
little  west  of  north.  On  the  east  and  north  the  rock  ledges  rise  15  to  25  feet  from  the 
water.  On  ihe  norUi,  the  rock  gradually  gives  place  to  clay  banks,  which,  with  a  height 
of  from  10  to  30  feet,  form  all  the  western  shore.  At  the  southeast  comer  a  sand-spit 
runs  out  several  hundred  feet  into  the  lake. 

Devil^s  Island  (Brown  Stone  Island,  Bamey  and  Lambom's  Island,  Rabbit  Island) 
is  a  mere  rock,  one  and  one-quarter  miles  long  and  half  a  mile  wide.  A  rock  cliff  15  to 
20  feet  high  surrounds  the  island,  which  is  thus  rendered  very  difficult  of  access. 

York  Island  has  an  irregular  shape  and  is  about  one  and  one-half  miles  long,  with  a 
width  of  half  a  mile  at  the  eastern  or  broader  end.  It  rises  nowhere  to  a  height  of  more 
than  20  feet,  and  shows  rock  nearly  all  around,  with  red  day  above. 

Sand  Island  is  a  large,  irregularly  shaped  island,  about  two  miles  in  diameter,  with  a 
projection  one  mile  long  from  the  northeast  comer.  There  are  two  sand  beaches,  each 
over  a  mile  in  length,  on  the  east  and  north  sides.  The  rest  of  the  island,  except  on  ihe 
south,  where  there  are  day  banks  25  to  30  feet  high,  shows  sandstone  cliffs  nearly  all 
around,  with  more  or  less  day  above.  The  island  is  probably  nowhere  more  than  50 
feet  high.  The  bar  connecting  Sand  Island  with  the  main  land  has  been  mentioned 
above. 

Eagle  Island  (Steamboat  Island)  is  the  westemmost  of  the  group.  It  is  only  a  few 
rods  long,  very  level,  and  shows  rock  all  around,  overlaid  by  2  to  3  feet  of  day. 

Steamboat  Island  is  a  small  day  islet,  lying  a  few  hundred  feet  south  of  Eagle  Is- 
land.   Between  the  two  lies  a  stiU  smaller  rocky  islet,  5  feet  high  and  15  feet  in  diameter. 

Altitudes.  The  barometrical  observations  made  in  1873  proved  to 
be  of  no  valne  on  account  of  the  poor  instruments  furnished  the  party. 
Those  made  in  1876,  '77  and  '78  do  not  cover  so  wide  an  area  as  those  of 
1873,  but  have  been  carefully  worked  up  by  comparison  with  the  read- 
in<^  of  a  second  stationary  barometer,  and,  in  many  cases,  by  comparison 
of  repeated  observations  made  at  the  same  place  at  times  far  apart. 
The  aneroids  used  were  carefully  compared  before  and  after  the  work. 
They  are  the  "  Surveying  Aneroid,"  by  T.  H.  Steward,  of  London,  and 
some  five  years'  experience  with  them  has  only  served  to  increase  the 
confidence  felt  in  their  results. 

Before  the  lists  of  barometrical  altitudes  is  given  one  of  elevations 
along  the  line  of  the  Wisconsin  Central  Railway,  which,  having  been 
obtained  by  leveling,  have,  of  course,  a  high  degree  of  accuracy.  This 
list  is  compiled  from  a  profile  and  large  scale  alignment-plat,  very 
kindly  furnished  by  Mr.  Colby,  the  president  of  the  road. 
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All  altitudes  in  these  lists,  as  also  all  otliers  given  in  this  report,  are 
referred  to  the  level  of  Lake  Superior,  which,  according  to  the  latest 
measurements  of  the  Lake  Survey,  is  602  feet  above  mean  tide  at  New 
York,  and  20.5  feet  above  the  level  of  Lake  Michigan,  which  is  thus 
placed  at  581.5  feet  above  tide. 

ALTITUDES  ABOVE  LAKE  SUPEKIOE. 


Along  the  line  of  the  Wisconsin  Central  Railroad,  from  Chaquamegon  Bay  to  the  south 

line  of  Town  43. 


Place. 


Chaqoamegon  Bay 

AghlAiid  depot 

Bay  City  creek  crossing,  Ashland 

South  line  Sec.  84,  T.  48,  R.  4  W 

South  line  Sec.  3,  T.  47,  R.  4  W 

South  line  Sec  10,  T.  47,  R.  4  W 

South  line  Sec  15.  T.  47,  R.  4  W 

South  line  Sec  22.  T.  47^.  4  W. . ...... ... ..... . .  •  • 

White  river  crossing,  N.  W.  qr.  Sec.  3o,  T.  47,  R.  4  W. 

SouthlineSec35rT.47,R.4W 

South  line  Sec.  2,  T.  46,  R.  4  W. 

SouthHneSecll,T.46,R.4W 

South  line  Sec  14,  T.  46,  R.  4  W. . .  •;••;••••!  — 

Summit,  N.  E.  qr.  S.  E.  qr.  Sec  23,  T.  46,  R.  4  W 

South  line  Sec  fe,  T.  46,  K.  4  W 

South  line  Sec.  25,  T.  46,  R.  4  W......... 

Maringouin  river  crossing,  N.  W .  qr.  Sec.  do 

Brunsdiweiler  river  crossing,  8.  hf.  Sec  36 

South  line  Sec  36,  T.  46,  R.  4W 

South  lineSec   6,T.45,  R.  3  W 

Twin  creek  crossing,  N.  E.  qr.  Sec  7 

EastlineSec7,T.45^.3W.... 

Trout  brook  crossing,  W.hf.  Sec  8.... 

Wadleigh's  creek  crossing,  S.  E.  qr.  Sec.  8 ... 

East  line  Sec  9.  T.  45,  R.  3  W 

Silver  creek  crossing,  S.  hf.  Sec.  10 

EastlineSec  10.T.45,R.3W.. 

South  line  Sec  11,  T.45.  R.3W 

East  line  Sec  14,  T.  45,  R.  3  W. 

East  line  Sec  13,  T.  45,  R.  3  W 

SouthlineSecl8,T.45,R.2W..... 

Beaver  creek  crossing,  N.  W.  qr.  Sec  19 

South  line  Sec  19,  T.  45,  R.  2W 

South  Ime  Sec  30,  T.  45,  R.  2  W. 

Bad  river  crossing,  S.  E.  qr.  Sec  31 

Bad  river  crossing,  S.  E.  qr.  Sec.  31 

South  line  Sec  31,  T.  45,  R.  2  W 

WestkneSec6,T.^44.R.2W..............^. 

Bad  river  crossing,  S.  E.  qr.  Sec  1»  T.  44,  R.  3  W 

Bad  river  crossing,  S.  E.  qr.  Sec.  1,  T.  44,  R.  3  W 

SouthlineSec.2,T.44^  3W..... 

Bad  river  crossing,  N.  W.  qr.  Sec  11. 

Bad  river  crossing,  S.  W.  qr.  Sec.  11 

Southline3ec.  11,T.44,  R.3W 


Feet  above  Lake 

Superior. 

0rad4, 

8urfac$ 

12 

0 

30 

30 

49 

20 

77 

58 

116 

116 

125 

123 

125 

122 

125 

121 

125 

25 

146 

145 

155 

152 

169 

167 

196 

195 

210 

199 

205 

170 

169 

170 

138 

173.5 

150 

las 

184 

233 

231 

256 

230 

271 

262 

315 

285 

315 

285 

364 

362 

388.5 

302 

411 

415 

4.35 

435 

462 

466 

517 

516 

518 

521 

52:3 

562 

560 

615 

614 

621 

610 

621 

610 

631 

6:^0 

637 

644 

6.36.5 

624 

636.5 

626 

655 

659 

6.53 

645 

676 

664 

6S4 

670 
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ALTITUDES  ABOVE  LAKE  SUPERIOR— (continued). 


Place. 


Feet  above  Lake 

Supe 

nor. 

Or<id€, 

Sutfaee 

694 

674 

699 

682 

715 

693 

720 

710 

787 

716 

774 

762 

795 

781 

804 

788 

802 

810 

836 

816 

a50 

861 

849 

839 

849 

847 

849 

848 

8C8 

862 

860 

a59 

850 

885 

878 

895 

889 

896 

894 

908 

905 

931.5 

930 

941 

948 

937.5 

942 

928 

934 

Bad  river  crossing,  N.  W.  qr.  Sec.  14 

Bad  river  crossin^^,  N.  W.  qr.  Sec.  14 

Bad  river  crossing,  S.  W.  qr.  Sec.  14 

Bad  river  crossing,  S.  W.  qr.  Sec.  14 

South  line  Sec.  14,  T.  44,  R.3W 

Bad  river  crossing,  N.  E.  qr.  S.  W.  qr.,  Sec.  23  . . . 
Bad  river  crossing,  S.  W.  qr.  S.  W.  qr..  Sec.  23. . . 
Bad  river  crossing,  S.  W.  qr.  S.  W,  qr.,  Sec  23. . . 

South  line  Sec.  2:3,  T.  44,  R.  3  W 

East  line  Sec.  26,  T.  44,  R.  3  W 

South  line  Sec.  25,  T.  44,  R.  3  W 

Bad  river  crossing,  N.  E.  qr.  N.  W.  qr.  Sec.  36. . . 

South  line  Sec.  36,  T.  44,  R.  3  W 

East  line  Sec.  1,  T.  43,  R.  3  W 

Summit.  N.  E.  qr.  S.  E.  qr..  Sec.  6,  T.  43,  R.  2  W 

East  line  Sec.  6,T.  43,  R.  2  W 

Bad  river  crossing,  N.  W.,  S.  W.,  Sec.  5 

South  line  Sec.  4,  T.  43,  R.  2  W 

Bad  river  crossing,  S.  W.,  S.  E.,  Sec.  9 

South  line  Sec.  9,  T.  43,  R.  2  W 

South  line  Sec.  15,  T.  43,  R.  2  W 

South  Une  Sec.  22,  T.  43,  R.  2  W 

Summit,  near  E.  line  Sec.  27,  top  of  the  divide. . . . 

Sotith  Une  Sec.  26,  T.  43,  R.  2  W 

South  line  Sec.  35,  T.  43.  R.  2  W 


BAKOMETRICAL  ALTITUDES. 

(Those  marked  thus,  *  are  fh>m  the  report  of  £.  T.  Sweet) 


T.  50,  R.  4  W.  ♦ 

N.lineSec.  19 393 

T.  50,R.6W.» 

Roath's,  N.  E.  qr.  Sec.  24 547 

N.  W.  qr.  Sec.  28 550 

T.  49,  R.  5  W.» 

Secl6 480 

T.  48,  R.  6  W.» 

Trail,Sec  35 331 

T.  47,  R.  6  W.» 

Sec  11,  south  br.  Fish  creek  ....  7 

Sec.  9,  W.  br.  Fish  creek 7 

Cent.  Sec  10 126 

Sec  5,  creek 45 

N.W.qr.  (?)Sec.6 112 

T.  47,  R.  2  W. 

Meander  comer  W.  line  Sec.  1. . .  65 

aW.cor.Secl 48 

Creek,  20  paces  south 22 

^.post,  W.  lineSecl2 110 

S.  W.  cor.  Sec  12 150 

st,  W.lineSec  13 145 

.  cor.  Sec.  13 185 

Or. post,  W.lineSec 24 215 

S.  W.  cor.  Sec.  24 225 


T.  47  R.  1  W. 

U  mile  n.  of  S.  W.  cor.  Sec.  7 . . .  186 

}4  mile  s.  of  N.  W.  cor.  Sec.  7. . .  150 

M  mile  n.  of  S.  W.  cor.  Sec  6. . .  100 

Top  of  Lake  bluff  W.  line  Sec.  6.  80 

T.  47,  R.  1  E. 
Montreal  nver  at  trail  crossing, 

N.  E.  qr.  Sec.  21 397 

Montreal  river,  S.  line  Sec  24. . . .  443 

T.  47,  R.  2  E. 
Mouth  of  Gogogashugun  river,  S. 

E.qr.Sec.32 503 

T.  46.  R.  1  W. 

S.  W.  cor.  Sec.  10 523 

Potato  river,  W.  line  Sec  15. . . .  463 

Potato  river,  W.  line  Sec.  18. . . .  260 

Qr.  post,  W.  line  Sec.  18 275 

S.  W.  cor.  Sec.  18 426 

Creek,  145paces  south 408 

^.post,  W.lineSec.  19 480 

8.  W.cor.Sec  19 545 

Qr.poBt,  W.  Une  Sec.  30 565 

S.  W.  cor.  Sec.  30 v  660 

jr.  post,  W.  line  Sec.  31 ^\h 

Tier's  Fork,  W.  line  Sec.  31  .. .  528 
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BAROMETRICAL  ALTITUDES  —  (continued). 


T.  46.  R.  1  W.  — (continued). 

S.  W.  cor.  Sec  31 

T.  46.  R.  1  E. 

S.  W.  cor.  Sec.  8 

Qr.  post,  S.  line  Sec  8 

S.  W.cor.Sec9 

Qr.jjost  S.  line  Sec  9 

S.  W.  cor.  Sec  10 

Qr.ppst^  S.  line  Sec  10 

S.  W.cor.Secll 

Qr.  post,  S.  line  Sec  11 

S,  W.  cor.  Sec  12 

Qr.  poet,  S.  line  Sec  12 

•V)0  paces  east  of  last  point 

T.  46,  R.  2  E. 

iTOgojraahugun  river,  S.  line  Sec.  5 

Qr.  post,  S.  line  Sec  5 

Hill.  400  paces  west 

Creek,  600  paces  west  of  qr.  post 

S.  W.cor.SecS 

Qr.  post,  W.  line  Sec  7 

Or.  post,  W.  lineS*>cl7 

Trail  crossing,  N.  line  Sec  18. . . 

Creek,  135  paces  west 

N.  W.  cor.  Sec  18 

S.  W.cor.  Sec  31 

Stream,  350  paces  east 

Qr.  post,  S.  bne  Sec  3 1 

S.  W.cor.  Sec.  32  ..   

<^.  post,  S.  line  Sec  32 

Stream,  near  center  of  Sec  32  . . 

Qr.post,  N.  line  Sec  32 

N.  E.  cor.  Sec.  32 

<^.  post,  N.  Une  Sec.  33 

N.  E.  cor.  Sec  33 

Go^roffashoffun  river,  N.  line  Sec 
34 

Bluff  top,  200  paces  west 

N.  E.  cor.  Sec  34 

Qr.  post,  W.  line  Sec.  28 

N.  W.  cor.  Sec  26 

post,  N.  line  Sec  26 

W.cor.  Sec.  26  

(^.post,  W.lineSec24 

N.  W.cor.  Sec.  24 

Montreal  river,  N.  line  Sec.  24  . . 
T.  45,  R.  3  W. 

W.  qr.  post  Sec  14 

N.  W.  cor.  Sec  23 

W.  q r.  post  Sec  26 

N.  W.  cor.  sec  23 

W.  qr.  po8tSec.26 

N.  W.cor.  Sec.  .35 

W^r.  post  Sec  35 

S.  W.cor.  Sec  35 

T.  45.  R.  J5  W. 

Tyler's  Fork,  S.  E.  qr.  Sec.  2  . . . 

Idler's  Pork,  W.  line  Sec.  15  . . . 

Tyler's  Fork,  W.  line  Sec  16  . . . 

Creek,  S.  line  S.  W.  qr.  Sec.  26. . 

S.  W.  cor.  Sec.  26 

Creek  near  qr.  post,  S.  line  Sec.  27 

S.  W.  cor.  Sec  27 

<Jr._poet,  E.  line  Sec  33 

8.  E.  cor.  Sec.  33 


t- 


r43 

548 

^'>8 

558 
618 
658 
673 
686 
674 
664 
6H5 
718 

530 
540 
5(57 
524 
551 
842 
805 
7-27 
684 
746 
985 
970 
995 
1,050 

i,o:« 
i,o:« 

1.065 
1,085 
1,100 
1,060 

975 

1,060 

1,010 

1,065 

1,015 

1,026 

1.040 

96.5 

940 

910 

520 
525 
545 
6:« 
7:30 

mi 

830 
845 

512 
486 
416 
738 
800 
700 
763 
685 
763 


T.  45,  R.  2  W.  — (continued). 

Qr.  post,  S.  line  Sec  3i 

S.  W.  cor.  Sec  33 

Creek,  W.  line  Sec.  3:3 

Qr.  poet,  W.  line  Sw.  27 

Crei  W.  line  S.  W.  qr.  Sec.  22 
T.  45,  R.  1  W. 

S.W.cor.Sec6 

Qr^poet,  W.  line  Sec.  18 

S.  W.  cor.  Sec.  18 

Qr._po8t,  W.  line  Sec.  19 

8.  W.cor.  Sec.  19 

TVler's  Fork,  S.  Une  Sec  21 

Bluff  top,  just  west 

S.  E.  cor.  Sec  21 

S.  E.  cor.  Sec '.:3 

it,  S.  line  Sec.  21 

cor.  Sec.  24 

100  paces  s.  of  cor.,  crest  of  Peno- 

kee  Range 

500  paces  n.  of  cor.,  crest  of  Peno- 

kee  Range 

Crest  of  Penokee  Range,  700  paces 

S.  of  N.  qr.  post  Sec.  25 

W.  qr.  post  Sec.  25 

Crest  of  ridge,  200  paces  S 

Center  Sec.  26 

W.  or.  post.  Sec.  26 

S.  W.  cor.  Sec  26,  crest  of  ridge 

S.  qr.  post,  Sec  27 

S.  W.  cor.  Sec  27 

W .  qr.  post,  Sec.  27 

W^r.  post.  Sec.  30 

S.  W.  cor.  Sec.  :30 

S.  W.  cor.  Sec.  31 

«t,  S.  line  Sec  31 

?'.cor.Sec32 

QrjDOst,  S.  line  Sec.  32 

S.  W.cor.  Sec.  3:3 

Or.  post,  W.  line  Sec.  3:3 

Center  Sec.  3:3. 


Qr.  post,  S.  line  Sec  3:3 

Tyler's  Fork,  S.  line  Sec.  33 

Qr.  post,  W.  line  Sec.  34 

T.  45,  R.  1  E. 

Qr.  post,  E.  line  Sec.  1 

S.  E.  cor.  Sec.  1 

Qr.  post,  S.  line  Sec.  1 

S.  W.cor.  Sec.  1 

S.  W.  cor.  Sec  10 

^.  post,  S.  line  Sec.  10 

Crest  Penokee  Range,  300  paces 

s.  w.  corVsec  i  i  ..*!!!'!!!!!!! ! 

(^.  post,  W.  line  Sec  11 

500  paces  S.  ot  N.  E.  cor.  Sec  11 

Qr.j)Ost,  W.  line  Sec.  15 

S.  W.cor.  Sec  15 

Qr.  poet,  S.  line  Sec  16 

S.  W.  cor.  Sec.  16 

S.  qr.  post.  Sec.  17 

S.  W.cor.  Sec.  19 

Or.  post,  S.  line  Sec.  19 

Potato  river,  S.  line  Sec  19 

S.  W.  cor.  Sec  20 


753 
73:< 
648 
78:3 
610 

613 

763 

752 

776 

744 

780 

810 

820 

1,000 

1.025 

1.080 

1,100 

980 

1,125 

1,125 

1,145 

1,040 

990 

1,190 

1,020 

860 

840 

80S 

863 

840 

910 

1,040 

1.110 

9.50 

870 

9:50 

865 

8(K) 

860 

1.050 
1.080 
1,100 
1.020 
940 
1.100 

1.150 

1.180 

1,120 

1.090 

1.140 

1,0:30 

1,0:30 

1,125 

980 

1,080 

1,040 

9:30 

960 
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BAROMETRICAL  ALTITDDE3- (continued). 


T.  45,  R.  1  E.  — (continued). 

^.  post,  W.  line  Sec.  20 980 

Qr.  post,  W.  line  Sec.  21. 1,1^ 

T.44.R.3  W. 

S.W.cor.Sec2 725 

^.poet.  W.  UneSec.2 830 

N.  W.  cor.  Sec.  2 845 

S.  W.  cor.Sec.  11 860 

Qr.  post,  W.  Vine  Sec.  11 6>5 

Qr.tOftnB.lir^rSec.  11 735 

Center  Sec/1 1 650 

S.  W;  con  Sec.  12 815 

Qr.  pc«t,  W.  I'ae  Sec.  12 655 

Center  See.  \2 695 

t>.  p^t  B.  lu )'J  Sec.  12 795 

i)W  paces  souUi 900 

CenterSec.  13 a33 

Qr.  post,  W.  line  Sec  13 880 

CenterSec.  14 740 

Bad  river,  N.  line  Sec.  14 665 

Qr.  post,  W.  Iin3  Sec.  14 735 

Shait-house  Penokee  mine,Sec.  15  1, 000 

T.  44,  R.  2  W. 

S.  W.  cor.  Sec.  1 945 

Qr.  post,  W.  line  Sec.  1 810 

CenterSecl 940 

250  paces  south,  crest  of  Penokee 

Range 1,070 

Carrie's  creek,  S.  line  Sec.  2  . . . .  8  >0 

Qr.  DOst,  S.  line  Sec.  2 890 


T.  44,  R.  2  W.  — (continued). 

8.  W.  cor.  Sec.  2 800 

S.  W.  cor.  Sec.  7 840 

Qr.  post,  S.  line  Sec.  7 860 

Crest  of  ridge,  400  paces  south ...  980 

post,  S.  line  Sec,  8..  8:% 

ek,  622  paces  north 650 

Center  Sec.  8 705 

Qr.  i)Oftt,  W.lineSec.9 738 

Carrie's  creek,  465  paces  north  . .  6^35 

N.  W.  cor.  Sec.  9 695 

(3enterSec.9 795 

S.  W.  cor.Sec.  10 1,060 

Oest  of  ridge,  200  paces  north ...  1, 085 

Qr.  post,  W.  line  Sec.  10 925 

Qr.  post,  S.  line  Sec.  10 1,070 

Crestof  ridge,  800  paces  north...  1,190 

CenterSec.  10 1,010 

Qr.  post,  W.  line  Sec.  1 1 975 

189  paces  south  of  qr.  post,  N.  line 

Sec.  11,  crest  of  ridge 990 

N.  W.  cor.  Sec.  16 895 

60  paces  south,  top  of  Mt.  Whit- 
tlesey   940 

262  paces  south,  creek 765 

Creek,  north  line  Sec.  17, 300  paces 

W.of  N.E.cor 710 

T.  44,  R.  1  \V. 

N.  W.  cor.  Sec.  5 1,010 

Crest  of  ridge  400  paces  south ...  1 ,  16 5 

(Jr.  post,  W.  line  Sec.  6 1,1U0 


DRAINAGE  SYSTEM. 

The  highest  land  in  Wisconsin,  omitting  one  or  two  isolated  points, 
is  only  20  to  40  miles  south  of  Lake  Superior,  where  a  large  area  lies  at 
an  elevation  of  from  900  to  1,200  feet  above  Lakes  Michigan  and  Supe- 
rior, or  between  1,500  to  1,800  feet  above  the  sea.  As  a  result,  we  find, 
to  the  south  of  this  high  land,  which  constitutes  the  water-shed  be- 
tween the  streams  tributary  respectively  to  Lake  Superior  and  the 
Mississippi,  a  long  and  very  gradual  descent;  while  on  the  north  we 
have  one  which  is  correspondingly  short  and  rapid.  On  the  top  of  the 
water-shed,  as  already  shown,  is  a  large  region  of  tamarack  and  cedar 
swamps,  and  small  lakes,  among  which  the  head  waters  of  the  north- 
flowing  and  south-flowing  streams  interlock  in  an  intricate  manner, 
the  same  swamp  area  in  some  places  being  drained  in  both  directions. 

On  tracing  out  the  dividing  ridge  between  the  two  systems,  we  find 
that  it  covers  the  extreme  southern  part  of  our  district  in  a  quite 
irregular  east  and  west  line.  To  the  south  of  the  line,  so  far  as  the 
present  district  is  concerned,  with  the  exception  of  the  few  small  brooks 
and  lakes  in  the  northwest  corner  of  T.  43,  R  5  W.,  and  the  adjoining 
corner  of  T.  44,  R.  5  W.,  which  connect  with  Lake  Numakagon,  and  so 
through  the  Numakagon  river  with  the  St.  Croix,  the  drainage  is  alto- 
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gether  into  the  Chippewa.  On  the  north  side  of  the  dividing  line,  the 
streams  are  tributary  to  either  the  Montreal  or  the  Bad.  Having 
to  descend  from  800  to  1,000  feet  in  so  short  a  distance,  it  follows 
of  course  that  they  are  very  rapid  streams,  with  many  chutes  and 
falls.  Moreover,  since  the  greater  part  of  the  descent  is  accomplished 
within  the  limits  of  what  has  already  been  designated  as  the  Eidge 
Area,  whose  width  is  only  a  small  portion  of  the  whole  distance  to  the 
lake,  it  becomes  all  the  more  evident  that  waterfalls  and  rapids  must 
abound.  In  fact,  between  the  southern  edge  of  the  Penokee  range, 
and  the  southern  edge  of  the  lowlands,  a  distance  of  only  six  to  twelve 
miles  in  a  straight  line,  the  rivers  fall  from  600  to  900  feet,  the  single 
falls  running  from  20  to  90  feet  in  height. 

Besides  the  streams  named,  there  are  also  numbers  of  short  and  small 
creeks,  which  run  directly  into  the  lake  from  off  the  lowlands,  or  from 
the  highlands  of  the  Bayfield  peninsula.  Taking  these  into  account, 
we  may  conveniently  group  all  the  streams  of  the  region,  the  Apostle 
Islands  being  almost  entirely  streamless,  into  the  four  following  sys- 
tems, which  are  named  in  the  order  of  their  importance,  viz.:  (1)  the 
Bad  River  System;  (2)  the  Montreal  River  System;  (3)  the  Lake  Shore 
System,  and  (4)  the  Chippewa  River  System.  With  regard  to  the 
last  two,  there  is  no  need  of  adding  anything  to  the  information  that 
can  be  obtained  from  the  accompanying  maps.  A  special  description 
of  the  Bad  and  Montreal  rivers,  and  their  tributaries,  is  given  below. 

Bad  river,  the  Maovaise  riviere  of  the  early  French  explorers,  is  known  to  the 
Chippewas  as  the  Mashkeg  zibi,  or  Marsh  river.  The  former  name  it  appears  to  owe  to 
the  large  amount  of  suspended  matter  in  the  water  of  its  lower  portions,  which,  flowing 
as  they  do  for  many  miles  between  banks  of  red  day,  naturally  carry  a  great  deal  of 
dayey  material  to  the  lake.  Since  nearly  tdl  of  the  tributaries  of  Lake  Superior  are 
n^»d  streams,  flowing  over  rock  bottoms,  this  is  an  unusual  peculiarity,  and  one  pos- 
sessed only  by  the  streams  of  the  Wisconsin  shore,  amongst  which  Bad  river  is  much 
the  largest  and  most  important.  The  Indian  name  refers  to  the  fact  that  the  river 
reaches  the  lake  through  a  large  area  of  open  marsh,  also  a  feature  peculiar  to  this 
stream.  Bad  river  drains  in  all  an  area  of  about  1,000  square  miles,  of  which  815  miles  lie 
within  the  district.  Its  branches  stretch  far  to  the  east  and  west  of  the  main  stream, 
lyier's  Fork  and  Potato  river  reaching  into  range  2  east,  while  the  head- waters  of  White 
river  stretch  to  range  8  west,  a  total  east  and  west  distance  of  about  fifty  miles. 

The  main  trunk  of  the  system  heads  in  a  large  swamp  area  in  T.  43,  R.  1  £.,  and  R. 
1  W.»  In  the  S.  E.  quarter  of  Sec.  9,  T.  43,  R.  1  W.,  two  head  streams  unite,  one 
coming  from  the  north,  the  other  from  the  south.  The  latter,  which  is  the  prindpal 
one,  heads  in  the  northwestern  part  of  T.  43,  R.  1  E.,  and  pursues  a  course  south  of 
west  through  the  swamp  in  T.  43,  R.  1  W.,  to  Sec.  21,  T.  43,  R.  2  W.,  where,  receiving 
the  drainage  from  the  south  of  a  string  of  small  lakes,  it  turns  north  to  the  junctior 
mentioned.  The  Wisconsin  Central  crosses  this  branch  in  the  S.  E.  qr.  of  Sec.  16,  an*: 
again  in  the  S.  E.  qr.  of  Sec.  9,  at  which  places,  respectively,  the  v.^li^r  surfece  stands 

<  TbroQgh  some  OTentght  Uie  engrAver  has  omitted  the  ioppor  portion  of  Btd  rirer  from  Atlat 
Plate  XXI. ^ 
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at  895  feet,  and  838  feet  above  Lake  Superior,  and  the  stream  is  about  20  feet  wide. 
After  the  junction  of  the  two  branches,  the  course  of  the  river  is  northward  for  a  mile, 
and  then  west  two  miles  to  the  west  line  of  T.  43,  R.  2  W.  At  the  raibood  crossing 
in  the  S.  W,  quarter  of  Sec.  5,  it  is  851  feet  above  the  lake.  After  passing  the  town 
line,  there  is  a  turn  to  the  northward  through  the  extreme  northeastern  comer  of  T.  43, 
R.  3  W.,  and  thence  to  the  lake  the  course  of  the  river  is  in  general  northward,  though 
there  are  numerous  minor  deviations. 

At  the  crossing  in  the  N.  E.  qr.  of  the  N.  W.  qr.,  Sec.  36,  T.  44,  R.  3  W.,  the  water 
surface  is  at  839  feet  attitude,  having  fallen  about  10  feet  to  the  mile  from  the  first 
crossing.  Up  to  this  point,  the  stream  has  been  comparatively  slow  moving,  flowing 
most  of  the  time  through  mdrsh.  Just  beyond,  however,  a  more  rapid  descent  begins, 
there  being  in  the  northern  part  of  Sec.  36  an  8-feet  fall  over  granite.  In  Sec.  23,  the 
railroad  crosses  three  times  in  the  S.  W.  qr.,  the  water  at  the  crossings  being  at  788, 
781,  and  762  feet  atlitude,  respectively.  The  first  of  these  is  only  two  miles  horn  the 
crossing  in  Sec.  £6,  showing  thus  a  fall  of  over  25  feet  to  the  mile.  In  the  S.  W.  qr.  Sec. 
23,  the  fall  is  26  feet,  in  about  two-thirds  of  a  mile.  A  short  distance  below  tiie  last 
named  crossing,  the  river  passes  through  a  gorge  in  pinkish  granite,  narrowing  in 
places  to  a  width  of  only  about  10  feet  and  falling  about  20  feet  in  the  30  rods,  there  be- 
ing three  leaps  with  rapids  between.  At  the  first  crossing  in  Sec  14,  the  attitude  is  710 
feet,  the  river  having  fallen  52  feet  in  three-quarters  of  a  mile,  including  the  falls  just 
described.  Another  crossing,  only  a  few  hundred  feet  along  the  railroad,  shows  a  fall  of 
17  feet  in  less  than  a  quarter  of  a  mile.  All  along  here,  to  the  crossing  of  the  gorge  at 
the  south  side  of  Penokee  Gap,  the  river  is  60  to  100  feet  in  width.  At  the  gorge,  it 
is  contracted  to  20  feet  and  the  altitude  of  the  water  surface  is  682  feet  Here  the  river^ 
has  come  in  contact  with  the  Huronian  series,  and  is  forced  to  flow  along  the  strike, 
having  worn  itself  a  channel  in  the  limestone  which  forms  the  south  wall  of  the  gorge. 
The  passage  northward  through  the  Penokee  Range  is  now  made,  the  river  widening, 
but  preserving  a  rapid  current  in  the  valley  known  as  Penokee  Gap,  which  has  a  width  of 
from  50  to  300  paces,  there  being  a  bottom  land  of  some  width  on  the  west  side  of  the 
river,  where  also  the  cliffii  are  boldest  and  highest  At  the  crossing  on  the  north  line  of 
Sec.  14  the  water  surface  stands  at  670  feet,  and  half  a  mile  down  the  stream,  in  Sec. 
11,  at  C64  feet  Just  beyond  the  last  crossing  and  around  a  curve  in  the  river,  there  is 
a  fall  over  ledges  of  diorite  of  about  12  feet  in  10  reds.  In  the  northern  part  of  Sec  11, 
there  is  a  change  to  a  northeasterly  course,  which  continues  through  Sec  1,  T.  44,  R.  3 
W.,  and  the  southern  parts  of  sections  5  and  6,  T.  44,  R.  2  W.,  when  there  is  a  turn  to 
the  north  along  the  east  line  of  Sec.  31,  T.  45,  R.  2  W.,  the  river  all  along  being  about 
100  feet  wide,  deep,  and  comparatively  slow-moving.  On  the  north  line  of  Sec  31  the 
altitude  is  about  600  feet 

In  the  S.  E.  qr.  of  sec.  30,  there  is  a  passage  through  a  deep  and  narrow  gorge  in  gran- 
ite, with  a  succession  of  chutes  and  falls.  The  whole  fall  in  Sec.  30  is  about  100  feet,  the 
river  flowing  in  the  northern  part  of  the  section  through  a  valley  some  200  feet  in  depth, 
though  without  rock  ledges  near  the  stream.  From  here  the  river,  widening,  continues 
northward  with  a  swift  current,  but  not  broken  by  rock  rapids,  to  the  northern  part  of 
Sec  19,  then,  bending  to  the  east,  through  the  northwestern  part  of  Sec.  20,  on  the  north 
line  of  which  section  it  has  an  estimated  altitude  of  about  430  feet  In  the  southern 
part  of  Sec  17,  the  river  contracts,  the  current  grows  swifter,  and,  finally,  turoing  to 
the  north,  makes  a  perpendicular  leap  of  25  feet  into  a  narrow  rock  walled  gorge.  The 
fall  is  a  picturesque  one,  the  river  being  divided  into  two  channels  by  a  high  mass 
of  rock,  the  western  channel  carrying  the  most  water.  Along  the  slanting  bottom 
of  this  gorge,  with  a  width  of  about  25  to  40  feet,  the  river  rushes  in  a  north- 
easteriy  direction  for  1.100  feet,  falling  in  this  distance  about  40  feet,  to  the  mouth 
of  Tyler's  Fork,  ii^ich  enters  from  the  east,  and  is  the  first  important  tributary  re- 
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ceived.  Immediately  at  the  mouth  of  the  latter  stream,  the  gorge  turns  abruptly 
at  right  angles,  trending  now  northwest.  Directly  in  the  angle  of  the  convex  or  eastern 
side  of  the  bend,  Tyler'a  Pork  enters  Bad  river  by  a  fall  of  45  feet  over  the  wall  of  the 
gorge,  here  about  65  feet  deep.  The  top  of  the  wall  is  thus  cut  into  by  the  former 
stream,  upon  which  there  are,  a  few  rods  above,  two  falls  of  10  feet  each,  with  interven- 
ing rapids,  making  the  total  fall  at  the  mouth  of  the  stream  between  60  and  70  feet. 
Beyond  the  mouth  of  Tyler's  Fork,  the  Bad  river  gorge,  trending  now  northwesterly, 
deepens,  soon  reaching  100  feet,  with  overhanging  walls  of  boulder-conglomerate  and 
vertically  placed  sandstone.  About  a  thousand  feet  below  the  fall  of  Tyler's  Fork,  the 
rock  ledges  disappear,  and  the  river  flows  through  a  ravine  walled  by  high  banks  of  red 
day,  above  which  the  ground  rises  rapidly  on  both  sides  of  the  stream.  No  data  are  avail- 
able for  the  altitude  of  the  river  surface  in  this  portion  of  its  course.  It  is  estimated, 
however,  that  at  the  foot  of  Tyler's  Fork  fall,  the  elevation  is  about  820  to  330  feet, 
whilst  the  total  fall  within  Sec.  17  can  hardly  be  short  of  125  to  150  feet.  This  would 
make  the  altitude  at  the  north  line  of  Sec  17  about  250-300  feet  Beyond  Sec.  17  the 
river  has  not  been  followed  closely,  but  flows  with  a  current  gradually  decreasing  in 
rapidity,  and  with  a  tortuous  course,  through  the  red  day  of  the  low  lands  to  the  mouth 
of  the  Maringouin,  in  Sec.  25,  T.  46,  R.  3  W.  This  is  about  six  miles,  measured  along 
the  stream  from  the  north  line  of  Sec.  17,  T.  45,  R.  2  W.,  and,  as  the  altitude  here  can 
not  be  more  than  90  to  100  feet,  the  fall  in  this  distance  is  at  least  30  feet  to  the  mile. 

The  Maringouin  comes  in  from  the  west,  being  the  first  important  tributary  received 
from  that  direction.  At  the  junction  both  rivers  are  broad  and  deep,  with  a  slow-mov- 
ing, muddy  current,  and  a  wide  bottom  land.  From  here,  through  T.  46,  R.  3  W.,  to 
the  foil  in  the  southern  part  of  T.  47,  R.  3  W.,  while  preserving  the  general  northerly 
direction,  the  course  of  Bad  river  is  exceedingly  tortuous,  as  is  usually  the  case  with  a 
slow-moving  stream.  The  bottom  land  all  along  here  is  quite  wide;  from  one-fourth  to 
one-half  mile.  The  river,  however,  quite  frequently  touches  one  side  or  the  other  of  its 
valley,  flowing  at  the  foot  of  steep  blufis  of  bare  red  clay  and  sand,  which  rise  60  to  100 
feet  above  the  water,  'llie  third  tributary  of  importance,  the  Potato  or  Opinike  river, 
comes  in  on  the  east  side  two  and  a  quarter  miles  down  the  stream  from  the  mouth 
of  the  Maringouin.  The  falls  in  Sec.  25,  T.  47,  R.  3  W.  are  over  the  edges  of  layers 
of  red  sandstone  and  shale,  which,  dipping  southward  at  an  angle  of  about  38% 
produce  a  series  of  small  falls  of  one  or  two  feet,  for  between  a  mile  and  a  half  and 
two  miles  along  the  river.  Below  the  falls  Bad  river  is  again  sluggish,  deep  and 
tortuous,  flowing  in  T.  47,  R.  3  W.,  13  to  14  miles  in  making  6  miles.  Bold 
day  banks  flank  one  sida  or  the  other,  nearly  to  the  mouth  of  White  river,  which 
comes  in  from  the  west  on  the  east  side  of  Sec.  28,  T.  48,  R.  3  W.  Here  the  country 
is  open,  and  now,  made  still  broader  by  the  accession  of  White  river,  Bad  river  turns  to 
the  eastward  and  passes  through  marsh  to  the  lake,  which  it  reaches  near  the  middle  of 
the  west  line  of  Sec.  17,  T.  4S,  R.  2  W.  At  the  mouth  there  is  a  bad  sand  bar,  but 
this  could  readily  be  improved,  and  since  there  is  deep  water  immediately  outside, 
whilst  the  river  is  deep  inside,  an  excellent  harbor  could  be  made.  Small  tugs  have 
frequently  ascended  to  the  falls.  There  are  four  principal  tributaries  of  Bad  river, 
which,  named  in  the  order  of  the  distances  of  their  mouths  from  the  mouth  of  the  main 
stream,  are  as  follows:  White  river^  or  the  Mashkeg  Fork,  entering  from  tho  west; 
Potato  river  or  Opinke  zibi,  from  the  east;  Maringouin  or  Mosquito  river,  from  the  west; 
and  Tyler* 8  Fork,  from  the  east. 

White  River  h^  a  total  length  of  about  40  to  45  miles.  Heading  at  Long  Lake,  in 
T.  44,  R.  7  W.,  Bayfield  county,  it  pursues  a  generally  northeasterly  course  to  the  west 
line  of  our  district,  which  it  crosses  on  the  west  line  of  Sec  30,  T.  46,  R.  5  W.  From 
here  the  course,  with  many  windings,  is,  in  general,  northeasterly  through  the  day 
banks  of  the  bwlands.    For  the  most  part,  the  river  runs  in  a  valley  80  to  100  feet 
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deep  and  very  steep-sided.  At  one  place  only  are  there  any  rapids  or  rock  exposares. 
This  is  at  Welton's  dam,  Sec.  6,  T.  46,  R.  4  W.,  where  the  current  is  obstructed  by 
the  edges  of  southward-dipping^  layers  of  sandstone,  exactly  as  at  the  falls  of  Bad 
river,  Sec.  25,  T.  47,  R.  3  W.  The  total  fall  of  White  river  from  Long  Lake  is  about 
700  feet,  most  of  which  is,  of  course,  in  the  upper  portions. 

Potato  River  has  a  total  length  of  about  30  miles,  in  which  distance  it  falls  900  to 
950  feet  The  principal  head  stream  starts  in  the  northwest  part  of  T.  45,  R.  2  E., 
flowing  thence  a  southerly  course  along  the  southern  foot  of  the  Penokee  Range.  In 
Sec.  80,  T.  45,  R.  1  E.,  it  turns  north,  and  on  the  east  side  of  Sec.  19  passes  the  Iron 
Range.  Where  first  crossed  by  the  east  line  of  Sec.  19,  the  river  is  about  30  feet  wide 
and  920  feet  above  Lake  Superior.  The  Iron  Range  is  passed  in  a  narrow  valley  150 
feet  deep,  with  perpendicular  difTs  of  gneiss,  silicious  slate  and  magnetitic  schist  on  the 
east  side  of  the  river.  From  here  the  general  course  of  the  stream  is  northerly  to  Sec. 
7  of  the  same  town,  where  enters  the  other  main  fork,  a  stream  which  flows  south  of 
east  along  the  north  slope  of  the  Penokee  Range,  just  as  the  first  named  fork  flows 
along  its  southern  slope.  From  the  junction  of  the  forks,  the  Potato  flows  in  general 
more  to  the  east  of  north  than  before,  showing  many  chutes  and  rapids,  to  about  the 
center  of  Sec.  15,  T.  46,  R.  1  W.  Here  begins  the  general  westerly  course,  which, 
with  numerous  minor  deviations,  is  preserved  to  the  junction  with  Bad  river.  In  Sec. 
15  the  Little  Potato  comes  in  from  the  northeast,  and  on  the  west  line  of  the  same  sec- 
tion the  altitude  of  the  river  surface  is  about  443  feet.  Through  Sec.  16,  the  river 
flows  in  a  valley  cut  60  to  80  feet  in  the  red  lacustrine  clay,  alternately  approaching 
one  side  or  the  other  of  the  valley,  and  having  a  narrow  bottom  4  to  6  feet  above  the 
straam.  There  are  no  rapids  or  rock  ledges  crossing  the  stream  in  Sec.  16,  on  the  west 
line  of  which  section  the  water  surface  has  descended  to  only  428  feet  altitude.  In  Sec. 
17,  however,  700  paces  down  the  stream  from  the  line,  rock  ledges  and  rapids  begin, 
which  are  soon  foUowad  by  a  series  of  cataracts.  The  head  of  the  rapids  b  at  a  point 
about  1,400  paces  east  and  300  north  of  the  southwest  comer  of  Sec  17.  At  800  east 
and  230  norUi  of  the  same  point,  there  is  a  very  heavy  rapid,  below  which  the  river 
rushes  along  underneath  a  cliff  of  diabase,  on  the  souUi  side,  to  a  point  500  feet  down 
stream,  where  there  is  a  fall  of  25  feet  over  the  same  rock.  On  both  sides  of  the  west 
line  of  Sec.  17,  at  about  700  paces  north  of  the  southwest  comer,  is  a  series  of  bold  falls, 
having  a  total  descent  of  not  less  than  75  to  80  feet,  in  a  distance  of  500  feet  along 
the  stream,  with  two  leaps  of  25  feet  and  32  feet,  respectively.  These  falls  are  over 
vertically  placed  ledges  of  conglomerate,  sandstone  and  shale.  Below,  again,  the  cur- 
rent is  slower,  with  bold  banks  on  either  side  of  a  narrow  bottom-land.  For  about  half 
a  mile  these  banks  are  of  red  sandstone,  overlaid  by  red  day,  but  beyond  this  of  red 
clay  only.  On  the  west  line  of  Sec  18,  the  altitude  of  the  water  surface  ia  not  over 
260  feet,  the  total  descent  within  sections  17  and  18  being  about  170  feet  For  the  test 
of  its  course  the  river  is  slow-moving,  and  very  tortuous,  with  high  banks  of  red  clay 
on  either  side  of  a  narrow  bottom  hmd,  to  the  junction  with  Bad  river,  in  the  east  half 
of  Sec.  24,  T.  46,  R.  3  W. 

The  Maringoaln  River  was  first  so  called  by  Colonel  Charles  Whittlesey  in  Owen*s 
'*  Geological  Survey  of  Wisconsin,  Iowa  and  Minnesota,**  on  account  of  the  number  of 
roosquitos  he  found  on  its  banks,  **  maringouin  "  being  the  term  used  for  these  insects 
by  the  French  voyageurs.  Many  of  the  maps,  and  most  of  the  inhabitants  of  the  region 
have,  however,  corrupted  this  title  to  "  Marengo." 

The  Maringouin  is  the  tributary  next  in  importance  to  White  river,  which  it  equals  in 
length,  being  full  40  miles  long  from  source  to  mouth,  and  which  it  nearly  equals  in  the 
size  of  the  area  drained.  It  heads  in  the  southeastern  part  of  T.  44,  R.  5  W.,  and  the 
fcouthwestera  part  of  T.  44,  R.  4  W.  Thence  the  course  is  in  general  northeasterly 
to  the  Huronian  bdt  of  rocks  in  the  northem  port  of  Sec.  23  of  the  latter  town. 
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Here  the  river  is  deflected  for  some  distance  along  the  northwestern  strike  of  the 
Horonian,  which  forms  the  wall  of  the  north  side  of  the  gorge,  through  which  the 
river  flows;  the  other  wall  heing  a  pinkish  Lamrentian  granite.  Into  the  up-stream  end 
of  this  gorge,  about  20  rods  south  of  the  north  line  of  Sec.  23,  and  100  rods  east  of  the 
northwest  comer  of  that  section,  the  river  descends  in  a  series  of  three  faUs,  having  in 
all  a  height  of  about  65  feet,  within  a  few  rods.  The  two  upper  ones  are  respectively  15 
and  25  feet  high,  50  feet  apart  along  the  stream,  and  Ml  towards  the  northwest  The 
third  starts  directly  from  the  foot  of  the  second,  but  falls  westward,  the  three  constitut- 
ing a  curve  around  a  jutting  mass  of  the  pink  granite.  At  the  foot  of  the  falls  is  a  pool 
about  50  feet  by  30,  with  a  vertical  wall  of  granite  47  feet  high  on  the  southern  side. 
On  the  north  side  of  the  gorge,  through  which  the  river  flows  in  Sec.  14  and  into  Sec.  15, 
there  is  a  ridge  250  feet  high,  composed  of  the  Huronian  rocks. 

The  west  northwest  course  is  pursued  through  the  southern  part  of  Sec  15  to  Sec.  16, 
when  there  is  a  turn  to  the  north,  the  Iron- Bearing  or  Huronian  rocks  forming  a  high 
ridge  on  the  left  bank  of  the  stream.  From  here  northward  through  T.  44,  R.  5  W., 
and  T.  45,  R.  5  W.,  the  Maringouin  has  not  been  followed  closely.  In  the  former  town 
the  course  is  almost  due  north  to  the  north  line  of  Sec.  4.  In  T.  45,  R.  5  W.,  however, 
the  course  is  much  more  devious,  there  being  several  long  excursions  back  and  forth 
along  the  strike.  In  the  northern  part  of  this  town,  the  river  passes  through  the  low- 
lands with  the  usual  day  banks  and  bw  bottom-land.  Here  the  course  of  the  stream 
veers  gradually  to  the  eastward,  in  which  direction  it  continues,  after  leaving  T.  45,  R. 
5  W.  at  the  extreme  northeast  comer,  to  its  junction  with  Bad  river.  All  along  this 
part  of  the  river  the  clay  banks  and  low  bottom  continue,  the  water  becoming  more  and 
more  highly  charged  with  suspended  matter  as  the  mouth  is  neared.  At  the  railroad 
ooaeing  in  the  northwest  quarter  of  the  northwest  quarter  of  Sec  36,  T.  46,  R.  4  W.,  the 
valley  of  the  Maringouin  is  700  feet  wide  at  the  top  and  30  feet  deep,  the  river,  with  a 
width  of  not  more  than  20  paces,  standing  at  an  altitude  of  138  feet. 

In  the  final  easterly  stretch,  the  Maringouin  receives  a  number  of  tributaries  from  the 
south.  These  come  from  off  the  northern  face  of  the  Copper  Range,  and  as  they  near 
the  Maringouin  flow  in  ravines  cut  deeply  into  the  red  day.  A  number  of  these  ravines 
are  crossed  by  the  Wisconsin  Central  Railway,  which  runs  for  some  miles  in  an  easterly 
direction  as  it  ascends  the  steep  northem  face  of  the  Copper  Range.  Twin  creek,  Trout 
brook  and  Wadleigh's  creek  flow  in  narrow  ravines  25  to  30  feet  in  depth,  whilst  the 
Silver  creek  ravine  is  85  feet  deep.  All  these  streams  have  a  heavy  fall,  rising  at  a 
height  of  from  600  to  700  feet  above  the  Maringouin,  and,  with  one  exception,  at  a  dis- 
tance of  only  about  seven  miles.  The  largest  of  them  is  Brunschweiler's  river,  which 
sets  back  much  ferther  southward  than  the  others,  heading  in  some  small  lakes  on  the 
edge  of  a  large  swamp  area  in  the  northern  part  of  T.  43,  R.  4  W.  From  here  north- 
ward to  Bladder  lake,  in  sections  11, 12, 13  and  14,  T.  44,  R.  4  W.,  the  creek  is  sluggish. 
Bladder  lake  is  merely  an  irregularly  shaped  expansion  of  the  Bmnschweiler,  surrounded 
by  hills  which  show  bare  ledges  of  a  very  coarse  gabbro.  Where  it  leaves  the  north  end 
of  Bladder  lake,  the  Bmnschweiler  is  only  about  six  feet  wide,  and  here  begin  at  once 
the  chutes  and  rapids  which  extend  along  the  whole  course  of  the  creek,  with  only  small 
intervening  still  spaces,  until  after  the  Copper  Range  is  passed  in  Sec  15,  T.  45,  R.  4 
W.  Bladder  lake  could  readily  be  raised  for  a  number  of  feet,  by  making  a  dam  at  the 
outlet,  and,  on  account  of  the  peculiar  conditions,  the  expense  would  be  but  sUght  The 
water-power  is  a  very  valuable  one.  Below  Bladder  lake,  and  to  the  passage  of  the 
Copper  Range,  the  Bmnschweiler  flows  in  a  narrow  valley,  with  steep  hills  showing 
bare  ledges  of  gabbro  on  either  side.  These  hills  frequentiy  dose  together,  producing 
narrow  gorges,  with  vertical  walls  rising  from  the  water *s  edge.  At  the  passage  of  the 
Copper  Range,  near  the  northem  line  of  Sec  22,  T.  45,  R.  4  W.,  is  a  series  of  falls  and 
chutes,  the  last  on  the  river.    The  descent  here  is  about  30  feet  in  six  or  seven  rods. 
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Below  here  to  the  junction  with  the  Maringouin,  near  the  center  of  Sec  82,  T.  46,  B.  3 
W.,  the  usaal  clay  banks,  maddy  water  and  slow  current,  are  met  with. 

Tyler's  Fork,  the  last  of  the  important  tributaries  of  Bad  river,  and  the  only  one  of 
them  that  does  not  reach  the  lowlands  before  jommgr  the  main  stream,  has  a  total 
length  of  about  30  miles,  and  a  total  fall  of  neariy  700  feet.  It  heads  in  the  large 
swamp  near  the  middle  of  T.  44,  R.  1  E.,  and  flows  thence  south  of  west  to  Sec.  28, 
T.  44,  R.  1  W.  From  here  it  flows  northward  to  the  Penokee  Range,  which  it  passes 
in  Sec.  33,  T.  45,  R.  1  W,    This  passage  is  mapped  on  Plate  XIII  of  this  volume. 

Where  the  river  first  strikes  the  Huronian,  it  is  about  15  paces  in  width,  sluggish,  and 
standing  at  about  860  feet  above  the  lake.  A  short  distance  beyond,  however,  at  a 
point  150  paces  north  of  the  east  quarter-post  of  Sec.  33,  the  first  rock  is  seen,  and  the 
river,  just  before  flowing  north,  is  suddenly  deflected  for  25  paces  along  the  strike  direc- 
tion of  the  slate,  N.  QQ''  E.  Turning  then  again  abruptly,  at  right  angles,  a  fall  of 
about  5  feet  is  made  at  190  paces  north  of  the  quarter-post.  At  220  paces,  the  stream 
is  again  forced  to  follow  the  prominent  strike  lines,  and  now  flows  in  a  S.  66*  W.  direc- 
tion, through  a  rock  gorge  25  to  45  feet  deep,  and  20  to  30  feet  wide  at  the  river  level, 
for  a  distance  of  about  1 40  feet  At  the  end  of  this  gorge,  another  abrupt  turn  at  right 
angles  is  made,  and  the  rock,  Ijring  thus  athwart  the  stream,  produces  two  falls,  in  all 
about  15  feet  high.  Even  the  falls  themselves  show  the  influence  exerted  by  the  strike 
upon  the  course  of  the  water,  for  part  of  the  upper  leap  is  made  to  fall  across  the  rest, 
and  the  whole  stream  between  the  upper  and  lower  leaps  is  forced  to  foDow  the  strike 
direction  for  a  few  rods.  From  the  foot  of  the  lower  Ml,  a  narrow  gorge,  this  time 
across  the  strike,  extends  some  40  paces  along  the  river  with  30-feet  walls  on  either  side, 
and  a  width  of  about  15  to  20  feet.  Some  45  paces  below  this  gorge,  there  is  another 
low  fall,  but  for  most  of  the  distance  through  the  rest  of  Sec.  33,  and  to  the  falls  near 
the  middle  of  Sec.  28,  the  stream  is  sluggfish,  and  passes  through  tdder  swamps  and  old 
beaver  dams.  The  falls  in  Sec.  28  are  made  up  of  a  series  of  low  plunges,  over  black 
slate,  the  descent  being  some  20  feet  in  200  paces.  At  the  north  line  of  Sec.  20,  the 
river  surface  stands  at  760  feet  above  Lake  Superior. 

Beyond  Sec.  28,  T.  45.  R.  1  W.,  the  general  direction  of  Tyler^s  Fork  is  a  little  west 
of  north  to  the  north  line  of  the  town,  the  river  having  in  this  distance  a  fall  of  some 
200  feet,  but  no  notable  cataracts.  Where  the  north  line  of  T.  45  is  crossed,  the  river 
is  in  swamp,  and  so  continues,  changing  at  the  same  time  to  a  westeriy  course,  to  the 
west  line  of  T.  46,  R.  1  W.,  where  the  water  surface  has  an  tdtitude  of  528  feet  Here 
the  course  changes  to  southwest,  the  marsh  continuing  through  Sec.  1  and  into  Sec. 
2  of  T.  45,  R.  2  W.  The  southwesterly  course  is  continued  through  Sees.  11  and  10 
without  rapids  and  with  a  strong  current.  From  the  southern  part  of  Sec.  10  to  the 
southwest  quarter  of  Sec.  15,  the  course  is  nearly  due  south.  At  the  south  line  of  Sec. 
10,  the  altitude  is  512  feet.  In  the  southwest  quarter  of  Sec.  15,  there  is  a  turn  at  right 
angles  to  a  generally  west  course,  and  at  the  crossing  of  the  east  line  of  Sec.  15  the 
altitude  is  485  feet.  The  total  descent  in  this  section  is  thus  28  feet,  the  current  becom- 
ing swifter,  though  as  yet  no  rapids  or  rock  ledges  have  appeared.  In  Sec.  16, 529  paces 
below  the  east  line  of  the  section,  begins  the  series  of  rapids,  which,  with  a  few  short 
intervening  spaces,  continue  to  the  mouth  of  the  river,  ending  with  the  wild  series  of 
fells  mentioned  in  descending  the  gorge  of  Bad  river.  On  the  west  line  of  Sec.  16,  the 
river  surface  has  descended  to  416  feet  altitude.  The  heaviest  rapids  are  in  Sec  17. 
There  the  course  of  the  river  is  about  north  25*  west  for  some  1,200  feet,  when  it  makes 
a  short  semicircle  to  the  westward.  In  this  curve  are  the  three  fells,  respectively  10,  10 
and  40  feet  by  which  the  descent  into  the  Bad  river  gorge  is  made.  Tlie  entire  descent 
of  Tyler's  FoA  in  Sec.  17  is  between  80  and  90  feet. 

Montreal  River,  the  Wasgiwang  zibi  of  the  Chippewas,  drams  a  much  smaller  area 
than  Bad  river,  but,  though  not  carrying  so  much  water  as  the  lower  Bad,  is  often  as 
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broad  a  stream,  especially  after  the  reception  of  its  main  branch,  the  Gogogashugrun. 
The  total  area  drained  by  the  Montreal,  in  Wisconsin,  is  about  177  square  miles.  Since 
it  forms,  for  a  large  portion  of  its  course,  the  boundary  between  Wisconsin  and  Michi- 
gan, a  large  part  of  its  drainage  area  Ues  within  the  latter  state.  The  main  tributary 
of  the  Montreal,  the  Gogogashugun,  is  nearly  as  large  a  stream  as  the  upper  Montreal 
itself,  and  receiyes  a  much  larger  share  of  the  entire  drainage  area  of  the  Montreal,  as 
far  as  Wisconsin  is  concerned. 

The  Montreal  heads  in  T.  43,  R.  3  E.,  in  a  tangle  of  swamps  and  small  lakes,  among 
which  its  head-waters  interlock  with  those  of  the  Flambeau,  the  main  tributaiy  of  the 
Chippewa.  From  here  the  course  is  a  northerly  one  through  T.  43,  R.  3  E.,  and  T.  44, 
R.  3  E. — in  which  town  it  passes  through  Pine  Lake — the  current  slow,  the  river  nar- 
row, and  the  banks  generally  alder,  tamarack  or  cedar  swamp.  In  the  northeast  part 
of  Sec.  33,  T.  45,  R.  3  E.,  it  meets  the  state  line,  and  from  this  point  to  the  mouth  is  itself 
the  state  line.  Through  the  remainder  of  T.  45,  R.  3  E.,  the  course  is  north  of  west  to 
the  nofrtheast  comer  of  Sec.  6,  and  thence  through  the  southwest  comer  of  T.  46,  R.  3  E., 
to  the  Penokee  Range,  which  is  passed  in  Sec  24,  T.  46,  R.  2  E.  There  is  no  remarkable 
gorge  or  fall  here,  the  river  flowing  with  a  quite  rapid  current  through  a  wide  valley, 
and  making  only  two  small  rapids  over  the  upturned  edges  of  a  dark  slaty  rock.  On 
the  north  line  of  Sec  24  the  river  is  about  910  feet  above  the  lake.  The  same  wcst-of- 
noith  course  is  continued  through  T.  46,  R.  2  E.,  in  Sec  11  of  which  town  there  is  a 
series  of  three  faUs  over  green  diabase  and  diabase-amygdaloid.  The  uppermost  of  the 
three  descends  in  all  some  25  feet  in  three  leaps,  with  chutes  between;  the  other  two, 
each  made  up  of  a  succession  of  leaps  and  chutes,  are  respectively  about  35  and  15 
feet  in  perpendicular  height.  Below  these  falls  to  the  north  line  of  T.  46,  rock  ledges 
and  small  rapids  continue.  Just  after  crossing  the  line  the  general  course  of  the  river 
changes  to  the  eastward,  in  which  direction  it  continues,  with  minor  deviations  along 
the  strike  directions,  to  the  mouth  of  the  Gogogashugun  in  Sec.  32,  T.  47,  R.  2  E. 
Here  the  water  surface  has  descended  to  503  feet  above  Lake  Superior.  From  here,  the 
course  is,  in  general,  north  two  miles,  then  west  three  miles,  and  north  two,  to  the  south 
line  of  Sec.  13,  T.  47,  R.  1  E.;  thence  northwest  to  the  centre  of  Sec.  14,  west  to  the 
southeast  quarter  of  Sec.  15,  southwest  and  south  to  near  the  centre  of  Sec.  22,  and 
westerly  to  the  faUs  in  the  southwest  quarter  of  the  northwest  quarter  of  Sec.  21.  The 
minor  deviations  are,  however,  veiy  many,  the  river  frequentiy  doubling  on  itself,  pro- 
ducing loop-like  forms  in  its  course. 

From  the  mouth  of  the  Gogogashugun  to  the  crossing  of  the  old  Flambeau  trail,  in  the 
northeast  quarter  of  Sec.  21,  the  Montreal  flows  a  rapid  current  in  a  steep-sided  valley,  80 
to  100  feet  deep,  frequentiy  approaching  the  bluifs  on  one  side  or  the  other,  but  is 
wholly  without  rock  rapids.  On  the  south  line  of  Sec  24,  T.  47,  R.  1  E.,  the  altitude  is 
440  feet;  and  at  the  crossing  of  the  Flambeau  trail  383  feet.  Below  the  trail  the  river 
continues  to  run  between  steep  banks,  50  to  80  feet  high,  but  flows  faster,  almost  con- 
tinuous r^ids,  with  several  two-feet  falls,  extending  from  80  paces  below  the  trail  to  the 
main  Mis.  These  are  right  in  a  sharp  bend  of  the  river  ^  and  descend,  in  two  leaps, 
with  chutes  between,  a  total  perpendicular  distance  of  78  feet.  The  lower  fall  is  40  feet 
high.  From  its  foot  the  river  rushes  through  a  tortuous  and  narrow  gorge,  the  over- 
hanging walls  of  boulder  conglomerate  in  one  place  rising  over  200  feet  above  the  water. 
From  the  mouth  of  this  gorge,  near  the  center  of  Sec.  20,  there  is  a  nearly  straight 
N.  30*  W.  course  to  the  lake,  sandstone  ledges  frequently  showing  in  the  side  and  bot- 
tom of  the  river.  About  twenty  chains  from  the  l^e  shore  there  are  falls,  in  all  90  feet 
in  height,  over  the  vertically  placed  sandstone  ledges.  From  the  foot  of  the  falls  to  the 
lake  the  river  is  deep  and  still,  with  walls  of  sandstone  and  red  day  90  feet  high  on 

1  See  special  maps  of  the  Lower  MoDtrcal,  Plates  XYIII  and  XIX  of  this  volame. 


Digitized  by 


Google 


88  GEOLOGY  OF  THE  EASTERN  LAKE  SUPERIOR  DISTRICT. 

either  side.  Across  the  mouth  is  a  pebble  beach,  between  whidi  and  the  west  waU  the 
river  water  escapes  to  the  lake  in  a  narrow  channel. 

The  total  fall  of  the  Montreal  is  about  1,000  feet  m  a  total  length  of  aboat  50  miles. 

The  Go|[^^cAshu£nui  river  ( "  river  crossed  by  a  fallen,  swaying  tree  '* )  is  the  main 
tributary  of  the  Montreal,  and  may  quite  properly  be  regarded  as  one  of  the  two  forks  that 
unite  to  form  the  Lower  Montreal.  In  Foster  and  Whitney's  report,  the  Upper  Montreal 
and  Gogogashugun  are  called  respectively  the  Pine  and  Balsam  rivers.  The  name  here 
given  to  the  latter  is  taken  directly  from  the  Chippewas,  who  recognize  as  the  '*  Shin- 
gopes  *'  or  Balsam  only  one  of  the  head-streams  of  the  Gogogashugun.  The  total 
length  of  this  stream  is  between  25  and  80  miles,  in  which  distance  there  is  a  Ml  of 
nearly  500  feet.  It  heads  in  the  swamp  in  the  southeast  comer  of  T.  44,  R.  1  E.,  passes 
Island  Lake  in  the  southwest  part  of  T.  44,  R.  2  E.,  and  eastward  to  the  southern  part 
of  Sec.  21,  in  the  same  town,  whence  the  course  is  nearly  due  north  to  the  junction  with 
the  Montreal.  South  of  the  Iron  Range,  the  stream  is  mostly  sluggish,  and  bordered 
by  alder,  tamarack  and  cedar  swamp.  The  Iron  Range  is  passed  in  the  southern  part 
of  Sec.  27,  T.  46,  R.  2  E.,  on  the  south  line  of  which  section  the  water  sur&ce  is  975  feet 
above  Lake  Superior.  At  the  passage,  there  are  several  falls  over  the  same  slates  that 
form  the  barrier  at  the  gorge  of  Tyler's  Fork.  The  stream,*  **  on  coming  in  contact  with 
the  barrier,  follows  the  strike  for  several  rods  in  a  narrow  trough,  when  it  divides.  One 
branch,  turning  abruptly  across  the  beds  a  few  feet  and  then  returning  along  the  strike 
a  short  distance,  again  turns  across  the  beds  and  follows  a  narrow  channel  entirely  across 
the  schists.  The  main  branch  keeps  onward  along  the  strike  for  a  short  distance  beyond 
the  point  of  division,  and  then  turns  at  right  angles  and  plunges  down  a  narrow  channel 
across  the  beds,  until  it  is  joined  by  the  smaller  branch  some  distance  below."  Soon  after 
.passing  the  Irpn  Range  the  river  passes  through  a  large  alder  swamp  (Sec.  21),  beyond 
which,  in  Sees.  16  and  17,  begins  a  series  of  rock  exposures  and  small  rapids,  which  end 
in  a  succession  of  low  falls  just  south  and  north  of  the  north  line  of  Sec.  8.  At  the 
crossing  of  this  line,  the  river  is  at  530  feet  altitude.  Below,  there  are  no  rapids  or  falls 
to  the  junction  with  the  Montreal,  where  the  altitude  is  503  feet 

Artesian  Wells.  This  subject  may  be  properly  alluded  to  here,  since 
these  wells  are  fed  by  underground  currents  of  water.  No  attempt,  so 
far  as  I  am  aware,  has  ever  been  made  to  obtain  an  artesian  flow  within 
the  district,  but  a  few  words  of  caution  on  the  subject  may  not  be  amiss. 
In  all  of  that  portion  of  the  district  lying  without  the  "  Lowland  Area," 
any  attempt  to  obtain  a  flowing  well  would  of  course  be  wholly  futile; 
nor  is  it  likely  that  any  such  attempt  would  be  made,  on  account  of  the 
forbidding  nature  of  the  rocks.  In  that  region,  however,  which  is  un- 
derlaid by  the  red  marly  clays,  all  around  Ashland,  for  instance,  the 
conditions  are  such  as  at  least  warrant  an  experiment;  for  here  we  have 
a  series  of  stratified,  impervious  clays,  including  inter-stratified  sandy 
layers,  and  not  improbably  rising  slightly  southward,  towards  the 
mountainous  interior.  The  last  point  is  the  doubtful  one.  The  same 
red  clays  yield  flowing  wells  over  a  large  area  in  eastern  Waushara  and 
adjoining  counties  in  eastern  Wisconsin.    They  have  there,  however,  a 

•  From  A  deicription  of  the  pattage  of  thii  lirer  throagh  Uie  Iron  IUnge«  ftirnlshed  bj  Profottor 
Chamberlln. 
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distinct  slant  eastward,  and  a  larger  spread  upon  which  to  collect  the 
surface  water;  which,  of  course,  is  the  ultimate  source  of  all  subterra- 
nean water. 

VEGETATION  AND  SOUS. 

These  are  treated  here  only  in  their  most  general  relations,  as  affect- 
ing the  physical  aspect  of  the  country,  and  as  dependent  upon,  or  con- 
nected with,  the  underlying  geological  structure. 

The  whole  region  is  densely  wooded,  forming  but  a  small  part  of 
the  great  northwestern  forest,  whose  well  known  general  characters 
hold  here  also.  So  dense  is  the  timber  growth  that  not  only  is  travel- 
ing rendered  to  the  last  degree  diflBcult,  foot  traveling  being  the  only 
kind  possible^  but  it  is  a  rare  thing  that  one  can  see  more  than  a  few 
rods,  or  attain  a  point  of  observation  from  which  any  wide  view,  or 
good  general  idea  of  the  topography,  can  be  obtained.  The  traveling 
is  rendered  yet  more  diflBcult  by  the  frequent  areas  of  fallen  timber, 
known  as  "windfalls."  These  are  well  enough  known  in  all  of  the 
Wisconsin  forests,  but  never  become  so  well  known  as  to  be  welcome  to 
the  "  packer  "  through  the  woods.  They  are  like  great  swaths,  having 
been  prostrated  by  hurricanes,  and  are  often  sharply  defined  from  the 
standing  timber  around.  The  trees  at  times  lie  all  in  one  direction, 
but  in  other  cases  are  wholly  without  such  arrangement,  having  been 
prostrated  by  a  tornado.  The  great  windfall  of  September,  1872,  so 
far  as  my  knowledge  goes,  is  as  much  as  forty  miles  in  length,  though  it 
is  reported  to  have  a  greater  length  than  this.  It  crosses  the  Chippewa 
river  in  Sec.  23,  T.  40,  R  5  W.,  with  a  width  of  about  one  and  one-half 
miles.  Beyond  this  point  it  trends  east  of  north  to  the  Wisconsin  Cen- 
tral  Kailroad,  about  three  miles  south  of  Pepokee  Gap,  where  it  has  a 
width  along  the  railroad  of  about  two  miles.  From  here  it  passes,  with 
a  width  of  never  less  than  a  mile,  and  with  not  a  tree  standing,  directly 
through  the  hard  wood  timber  of  the  Penokee  Eange,  in  Sec.  7,  T.  44, 
R.  2  W.,  and  thence  northward  to  and  beyond  the  junction  of  Tyler's 
Fork  and  Bad  river.  The  latter  stream  enters  it  also  in  Sec.  31,  T.  45, 
R  2  W.,  where  it  lies  on  both  sides  of  the  river.  When  last  traversed 
in  1877,  this  windfall  had  been  partly  burnt  over,  but  was,  for  the 
most  part,  made  more  impenetrable  than  ever  on  account  of  the  new 
and  dense  growth  of  bushes  and  small  trees.  In  crossing  it  on  the 
Penokee  Range,  it  was  found  necessary  to  cut  the  way  with  an  axe  for 
nearly  a  mile  and  a  half. 

The  prevailing  trees  of  the  district  are  of  evergreen  varieties.  In 
the  lowland  areas  north  of  the  Copper  Eange,  the  prevailing  growth 
noticed  was  of  balsam,  hemlock,  spruce  and  birch,  with  some  white 
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cedar  and  occasional  areas  of  pine,  or  scattering  pine  trees.  On  the 
northern  flank  of  the  Copper  Range,  and  generally  in  the  valleys  of 
the  ridge  district,  hemlock  appears  to  prevail.  On  the  snraraits  and 
slopes  of  the  higher  ridges,  however,  and  in  the  vicinity  of  the  Montreal 
river,  over  wide  areas  of  elevated  country,  sugar  maple  predominates. 
The  whole  length  of  the  Penokee  Eange  is  marked  by  a  belt  of  sugar 
tree,  always  very  sharply  defined  from  the  evergreens  of  the  lower 
levels  on  either  side,  and  running  from  one  or  two  hundred  paces  to  a 
mile  in  width.  The  maple  trees  are  generally  of  much  larger  size  than 
those  of  the  evergreen  varieties,  and  where  they  grow  there  is  much 
less  imdergrowth,  the  traveling  being,  consequently,  much  more  agree- 
able. In  the  swampy  region  south  of  the  Iron  Eange,  the  timber  is 
mostly  balsam,  cedar,  spruce  and  tamarack  of  small  size,  with  scatter- 
ing large  pine  trees  and  occasional  trdcts  of  white  pine. 

Of  the  soils,  it  may  be  briefly  said  that  they  belong  to  four  general 
varieties:  a  red  marly  clay;  a  "loamy"  soil;  a  swamp  or  wet  land  soil; 
and  an  alluvial  or  river-bottom  soil. 

The  red  marly  clay  soil  extends  over  all  of  the  lowland  area,  stretch- 
ing also  well  up  on  the  Copper  Range,  to  a  height  of  between  500  and 
600  feet  above  the  lake.  It  also  cjovev^  all  of  the  Apostle  Islands  and 
all  of  the  country  along  the  Bayfield  coast,  from  which  it  stretches  in 
places  some  miles  inland,  the  highest  portion  only  of  the  eastern  end 
of  the  Bayfield  Ridge  being  free  from  it.  This  soil  is  directly  derived 
from  the  great  thickness  of  Quaternary  (post-glacial)  lacustrine  clay 
which,  interstratified  and  mingled  in  places  with  more  or  less  sand, 
overlies  so  considerable  an  area  along  the  south  shore  of  Lake  Superior. 
It  is  the  same  in  age  and  general  nature  as  the  marly  clay  soil  of  the 
shores  of  Lake  Michigan,  though  for  much  of  our  district  it  is,  per- 
haps, more  thoroughly  clayey.  It  generally  carries  a  very  light  coating 
of  vegetable  accumulation,  and  is  everywhere  covered  with  a  thick 
growth  of  evergreen  timber,  for  the  most  part  not  of  large  size.  In 
places  this  clay  is  mingled  with  enough  sand  to  make  it  good  for 
agricultural  puqx)ses;  but  as  a  general  rule  it  is  so  purely  clayey 
and  tenacious,  baking  under  the  sun  to  a  very  hard,  almost  stony  con- 
sistency,  that  it  is  a  much  less  valuable  soil  than  that  next  to  be  de- 
scribed. It  is,  however,  always  charged  with  a  considerable  quantity 
of  lime  and  magnesia  carbonate,  and  by  thorough  working  may  bo 
made  gradually  available.  The  following  are  analyses  by  Prof.  W.  W. 
Daniells,  of  samples  of  this  clay  collected  in  the  immediate  vicinity  of 
the  village  of  Ashland: 
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I.  II.  III.  IV.  V. 

Insoluble'residae 76.37 

Silica..... 58.09  64.56  61.86 

Iron  sesquioxide 4.44  4.11  

Alumina 25.32  18.86  

Calcium  carbonate 4.31  6.40  11.93         10.09  7.15 

Magnesium  carbonate...        4.01  3.53  

Water 4.09  2.56  

Totals 100.26  100.02 


The  loamy  aoils^  which  are  the  best  in  the  district,  are  found  on  the 
higher  lands  for  the  most  part,  or  the  tops  of  the  ridges  that  character- 
ize what  has  been  called  the  "Ridge  Area."  Tliey  support  always  a 
heavy  growth  of  hard  wood,  chiefly  sugar  tree,  and  are  excellently 
adapted  for  all  such  crops  as  are  able  to  withstand  the  rigors  of  the 
Lake  Superior  climate.  The  whole  length  of  the  Penokee  Range  is 
characterized  by  such  a  soil,  but  wider  areas  are  found  on  the  Gabbro 
and  Copper  Ranges  near  the  Montreal  river,  where  excellent  hard  wood 
land  covers  nearly  the  whole  width  of  the  elevated  country  between  the 
Iron  Ranges  and  Lake  Superior. 

The  swamp  or  wet  laiid  soils  are  especially  characteristic  of  the 
country  south  of  the  Iron  Range,  where  more  than  half  the  surface  is 
occupied  by  tamarack  and  cedar  swamps.  Besides  these  true  swamps 
there  are  other  areas  hardly  wet  enough  to  be  so  called,  which  yet  sup- 
port a  more  or  less  distinctly  swamp  timber  growth,  chiefly  of  cedar. 
Such  areas  abound  in  the  country  south  of  the  Iron  Range,  and  are 
frequently  met  >vith  also  in  the  valleys  between  the  more  northern 
ridges. 

The  alluvial  or  river  bottom  soils  have  not  a  wide  distribution;  they 
are,  indeed,  only  of  any  importance  in  the  valley  of  the  lower  Bad  river 
below  the  mouth  of  the  Maringouin.  Much  of  this  "bottom,"  which 
reaches  sometimes  half  a  mile  in  width,  is  an  excellent  soil,  being  a 
fine  river  silt  mingled  with  much  vegetable  mould.  This  is  especially 
the  case  below  the  lower  falls.  In  some  of  the  branches  of  Bad  river, 
where  they  pass  through  the  red  clay,  it  was  noticed  that  the  bottom 
was  almost  wholly  sand,  and  a  very  poor  soil,  and  this  was  attributed 
to  the  washing  out  of  the  clay  by  the  current,  the  sand  being  left  to 
form  the  bottom. 

Agriculture  is  as  yet  only  a  matter  of  experiment,  not  more  than 
three  or  four  farms  having  been  tried  before  the  recent  completion  of 
the  Wisconsin  Central  road,  and  those  only  intermittently,  and  on  a 
small  scale. 
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CHAPTER  II. 

THE  LAURENTIAK  SYSTEM. 

Every  where  south  of  the  Penokee  Bange,  the  country  is  underlaid 
by  the  rocks  of  this  system.  Tliis  area  includes  all  of  T.  43  that  lies 
within  the  district;  all  of  T.  44  in  ranges  1,  2  and  3  east;  nearly  all 
of  T.  44,  R.  1  W.;  the  southern  portion  of  T.  44,  ranges  2,  3,  4  and  5 
west;  all  of  T.  45,  ranges  2  and  3  east;  the  southeastern  half  of  T.  45, 
R  1  E.;  the  southeast  corner  of  T.  45,  R  1  W.;  the  southeast  comer 
of  T.  46,  R  2  E.,  and  the  small  part  of  T.  46,  R  3  E.,  that  lies  west  of 
the  Montreal  river;  in  all  about  550  square  miles — but  a  small  pro- 
portion of  the  great  Laurentian  area  of  Northern  Wisconsin. 

The  northern  boundary  of  the  Laurentian  area  is  very  sharply  marked, 
not  only  topographically,  by  the  abruptness  of  the  southern  face  of  the 
Penokee  Eange,  but  geologically  also,  since  the  southernmost  rocks  of 
the  Huronian  system  are  nearly  continuously  exposed,  while  the  Lau- 
rentian exposures  are  more  frequent  near  the  boundary  line  than  else- 
where. The  only  exception  to  the  general  rule  of  the  continuity  of 
these  exposures  is  in  T.  44,  R  4  W.,  where  not  only  the  exposures  are 
wanting,  but  the  Penokee  Ridge  itself  has  disappeared.  Even  here 
we  are  able  to  mark  out  the  line  with  as  great  certainty,  since  the  mag- 
netic belt  of  the  Huronian,  one  of  its  lowest  members,  has  been  traced  in 
detail  by  Mr.  C.  E.  Wright,  with  the  aid  of  the  magnetic  needle. 

The  topographical  characters  of  the  Laurentian  area  have  already 
been  indicated.  It  is  merely  necessary  to  repeat  here  the  main  facts. 
The  region  is  an  elevated  one;  as  a  whole  much  the  most  elevated 
portion  of  the  district,  since  it  lies  at  an  altitude  of  850  to  1,200  feet 
above  Lake  Superior.  The  surface  is,  in  general,  without  sharp  or 
prominent  ridges,  and  is  largely  occupied  by  tamarack  and  cedar 
swamps,  between  which  rise  tlie  low  and  rounded  hills  of  drift  mate- 
rials. Some  of  these  low  ridges  are  of  rock,  and  then  show  numerous 
rounded  ledges  or  ^^roches  moutonnees^^  of  pinkish- weathering  granite 
or  gneiss.  As  a  rule,  however,  exposures  are  rare,  the  immense  drift 
accumulations,  and  large  swamp  areas,  constituting  an  effectual  cover- 
ing to  the  underlying  rocks.  The  exposures  are  most  frequent  imme- 
diately under  the  southern  side  of  the  Penokee  Range  and  near  the 
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rivers.      Further  southward  the  drift  becomes  heavier  and  heavier, 
reaching  its  greatest  development  on  the  summit  of  the  watershed. 

The  rocks  of  the  Laurentian  area,  so  far  as  the  exposed  portions  are 
concerned,  are  of  dark  colored  and  altered  (chloritic)  hornblende-gneisses 
and  pink  quartzose  granites.  The  hornblende-gneiss  is  always  very 
plainly  laminated,  frequently  highly  schistose,  and  the  whole  internal 
structure  of  the  rock,  as  seen  under  the  microscope,  shows  conclusively 
its  original  clastic  condition.  The  granites  are  generally  without  such 
distinct  bedding,  but  appear,  nevertheless,  to  be  true  metamorphic 
granites.     No  eruptive  granite,  recognizable  as  such,  has  been  observed. 

It  is  not  possible,  without  overstepping  the  limits  of  our  district,  to 
reach  any  important  generalizations  with  regard  to  the  Laurentian 
series.  It  is  evident  enough  that  the  rocks  are  of  a  true  sedimentary 
origin,  and  that  they  have  been  folded  in  an  exceedingly  intricate  man- 
ner. The  strike  directions  run  from  slightly  north  of  west  to  about 
north  50*  east.  Judging  from  the  very  constant  southwesterly  courses 
of  the  various  branches  of  the  Chippewa  just  south  of  the  southern  limit 
of  our  district,  the  northeasterly  strike  direction  must  be  the  prevailing 
one. 

It  is  not  known  that  the  Laurentian  rocks  of  our  district  include  any 
useful  mineral  substances.  So  far  as  known,  they  are  entirely  desti- 
tute of  metallic  ores.  Since  this  is  the  case  with  the  same  series  in 
its  known  extension  into  the  upper  peninsula  of  Michigan,  it  is  not 
thought  likely  that  any  important  discoveries  will  be  made  in  the 
future  in  Wisconsin. 

LOCAL  DETAILS. 

Along  Bad  river,  in  T.  44,  R.  3  W.,  south  of  the  Penokee  Range,  several  ledges  of 
granitic  rocks  are  to  be  seen,  and  one  or  two  in  the  northern  part  of  T.  43,  R.  2  W. 
The  Boathemmoet  of  these  is  on  the  railroad  line.  It  is  a  pinkish  granite,  but  was  not 
doeely  examined.  In  Sec.  36,  the  great  windfall  of  1872  crosses  the  river  and  raibx>ad. 
The  open  space  left  by  the  fallen  trees,  being  on  quite  high  ground,  affords  one  of  the 
rare  chances  for  a  wide  view  to  be  obtained  in  this  region.  Along  the  course  of  the 
wind^l,  which  is  here  about  one  mile  and  a  half  wide,  numerous  low,  rounded  knobs, 
or  '^roehes  moutminiea,''  of  pinkish- weathering  granite  are  to  be  seen.  One  of  these, 
near  the  south  line  of  Sec.  36,  is  a  gray,  fine-grained,  gneissoid  granite,  having  a  dis- 
tinct bedding  in  a  direction  a  few  degrees  nortii  of  east,  and  a  vertical  dip.  In  the 
northern  part  of  Sec.  36,  the  granite  causes  a  fall  in  Bad  riVer. 

Just  west  and  north  of  the  centra  of  Sec.  23,  T.  44,  R.  3  W.,  Bad  river  passes  through 
a  narrow  gorge,  in  pink- weathering  granite.  The  gorge  is  about  30  rods  in  length,  ^e 
river  here  flowing  about  20  degrees  north  of  east,  and  there  are  faUs  and  tapids, 
amounting  in  all  to  about  20  feet  perpendicular  descent.  On  the  north  side,  the  rocks 
are  about  10  feet  high,  and  at  the  eastern  end  of  the  gorge,  about  100  feet  south  of  the 
river,  is  a  smoothed  and  rounded  (roche  mouUmnSe)  wall  of  pink  granite,  about  50  feet 
(ong  and  25  feet  high.  Through  a  part  of  this,  there  is  now  a  railway  cutting  whose 
•entre  is  just  about  200  feet  west  of  the  centre  of  Sec.  23.    The  rock  (24.2040)  at  this 
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place  is  medium-grained,  bright  pink  in  color,  and  yexy  highly  qoartzose;  sp.  gr.,  2.65. 
Besides  the  predominating  pink  to  grey  translucent  quartz,  there  is  much  pinkish 
orthoclase  which  is  bright  surfaced,  and  for  the  most  part  quite  fine,  though  occasionally 
the  facets  reach  one-eighth  of  an  inch  in  diameter.  The  mica  is  always  sparse  and, 
macroscopically  at  least,  often  wanting.  No  bedding  structure  whatever  is  visible, 
though  strong  joints  occur.  Thin  seams  of  an  i^hanitic  dark  greenish-gray  to  black 
rock  (2,041)  traveree  the  face  of  the  exposure.  At  the  west  or  upper  end  of  the  gorge, 
the  granite  (2,042.20)  is  medium-grained,  showing  a  grayish- white  ground  mass  of  milky 
quartz,  mingled  with  a  good  deal  of  white  and  pink  bright-&iceted  feldspar,  and  mottled 
with  fine  shining  black  mica.  The  same  black  seams  (2,043;  sp.  gr.,  2.73),  weathering 
to  a  light  earthy-green,  are  seen  here  again.  These  vems  are  very  sharply  defined  from 
the  adjoining  granite,  and  have  a  width  of  2  to  3  inches.  Near  the  lower  of  the  two 
principal  leaps  in  the  gorge,  the  granite  (23)  is  medium-grained,  light-gray,  and  highly 
quartzose,  but  here  shows  a  distinct  stringy  arrangement  to  the  fine  and  spane  Uack 
mica.  Twenty  feet  below  the  lower  fall,  on  the  north  side  of  the  river,  the  granite 
(25;  sp.  gr.,  2.62)  contains  more  feldspar  than  usual,  this  ingredient  appearing  in 
abundant  white  shining  facets.  A  deeply  weathered  crust  contrasts  this  rock  also  with 
the  more  quartzose  kinds. 

Fgllowing  Bad  river  northward,  we  find  no  further  exposures  until  Penokee  Gap  is 
nearly  reached.  In  this  vicinity,  in  the  southeast  quarter  of  the  northwest  quarter  of 
Sec.  14,  T.  44,  R.  3  W.,  are  some  large  natural  exposures  of  hornblende-gneiss,  on  and 
near  the  river,  as  also  in  the  two  large  railway  cuttings  through  the  same  rocks.  In  the 
southwest  quarter  of  the  same  quarter-section  are  other  Laurentian  exposures.  For  a 
further  imderstanding  of  the  relative  positions  of  these  ledges,  the  reader  is  referred 
to  the  large  detailed  map  of  the  vicinity  of  Penokee  Gap,  Atlas  Plate  XXIII. 

Underneath  the  southern  end  of  the  truss  bridge  over  the  gorge  of  Bad  river  (the 
southernmost  of  the  bridges  shown  on  the  map  referred  to)  a  crystalline  limestone,  the 
lowest  member  of  the  Huronian  series,  is  in  sight.    Eighteen  steps  south  of  this  rock, 
along  the  railroad  track,  is  the  beginning  of  the  first  cutting  in  the  Laurentian  gneiss. 
This  cutting  is  about  44  steps  long,  with  the  rock  10  to  15  feet  high  on  the  eastern  side. 
Throughout  the  whole  length,  a  very  marked  bedding  structure  is  apparent,  some  portions 
being  even  highly  schistose.   The  dip  is  73*  to  the  southward,  while  the  Huronian  rocks 
a  few  feet  off  incline  to  the  north.  The  strike  is  a  few  degrees  south  of  west  or  oblique 
to  that  of  the  Huronian  beds;  a  very  satisfactory  demonstration  of  unconformabihty 
being  thus  afforded.    The  whole  face  of  the  exposure  presents  a  dark-colored  appear- 
ance, owing  to  the  large  amount  of  hornblende  that  is  present  either  in  the  original  or 
altered  form.    Strong  master-joints,  trending  north  15"*  west,  and  showing  large  smooth, 
iron- stained  surfaces,  traverse  the  rock.    Less  prominent  joints  trend  at  right  angles  to 
these.    At  the  north  end  of  the  cut,  the  gneiss  (1,405;  sp.  gr.,  2.69)  is  dark  gray, 
speckled  with  white,  compact,  minutely  crystalline,  and  without  subordinate  lamination, 
but  showing  distinct  layera  a  few  inches  in  thickness.    The  mineral  ingredients  appar- 
ent are:  gray  qttartz,  which  predominates;  very  fine  faceted  bright  feldspar,  abundant; 
black  hornblende  (and  probably  mica),  very  fine,  and  scattered  throughout,  producing 
the  dark  color.    Little  strings  and  minute  bunches  of  pyrile  are  frequently  visible.    The 
weathered  surface  is  pinkish- white.    Seven  steps  farther  southward  come  in  3f ^  feet,  in 
very  distinct  layers,  1  to  6  inches  wide,  of  a  glistening  black  kind  (1,406:  sp.  gr.,  2.92), 
in  which  there  is  present  a  great  deal  of  fine  black  mica  (biotite).    Long  blades  of 
apatite  crowd  both  the  quartz  and  feldspar  of  this  rock,  as  seen  in  the  thin  section. 
Next  to  this  is  a  band,  2  feet  vride,  of  a  light  gray  highly  quartzose  kind  (1,407;  sp.  gr., 
2.55),  which  is  exceedingly  fine-grained  and  compact,  with  a conchoidal  fracture,  and  is 
ribboned  with  light  reddish-stained  seams.    This  rock  has  almost  the  appearance  of  a 
quartzite,  contrasting  much  with  the  surrounding  darker-oclored  material.    Undar  the 
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mioosoope,  it  is  aeen  to  be  diiefly  made  up  of  much  rounded  quartz  granules,  which 
run  from  .037  m.  m.  to  .140  m.  m.  in  diameter.  In  the  gray  portion  of  the  rock  these 
are  mingled  with  numerous  biotite-scales  (.09  to  .15  m.  m.  long),  most  of  which  lie 
parallel  to  the  schist  plane.  In  the  pink  or  reddish  bands,  the  entirely  separated  and 
very  mudi  rounded  quartz  grains  are  imbedded  in  a  pink  mossy  matrix,  composed 
chiefly  of  hardly  translucent  orthoclase. 

Next  to  the  foregoing  are  ten  inches  of  dark-green,  greasy-surfaced  chloritic  schist 
(1,408;  sp.  gr.,  2.72),  with  interlocking  laminsB.  This  is  really  only  a  highly  altered 
form  of  Uie  normal  rock  (1,411)  of  the  cutting;  the  unusual  amount  of  alteration  being 
due,  probably,  to  the  dose  lamination  and  high  content  of  hornblende.  The  slice  shows 
a  greatly  predominating  amount  of  a  greenish-brown,  scaly  to  highly  fibrous  material, 
which  in  part  is  feebly  dichroitic,  but  is  for  the  most  part  without  dichroism,  and  is 
evidently  chlorite,  in  different  stages  of  alteration  from  hornblende.  A  little  quartz  is 
contained.  Beyond ,  to  about  1 7  steps  from  the  beginning,  are  further  alternations  of  the 
light-colored  quortzose  kind  (1,407)  and  the  green  chloritic  schist  (1,408).  At  18  paces 
are  thin  layers  (1,409),  made  up  of  light  pinkish-gray,  highly  quartzose  seams,  and  very 
thin  laminffi,  composed  almost  entirely  of  lustrous  black  hornblende,  the  leaves  of  which 
reach  5  m.  m.  in  length.  Beyond,  again,  comes  in  the  comparatively  unaltered  blackish 
gneiss  (1,410, 1,411 ;  sp.  gr.,  2.75  to  2.78),  which  seems  to  be  the  normal  rock  of  the  ridge. 
A  large  sample  (1,411)  from  this  place  is  described  in  detail  by  Mr.  Julien  in  Appendix 
B.,  to  which  reference  is  made.  It  is  only  necessary  to  state  here,  that  it  is  a  nearly 
black,  rather  fine-grained,  compact  rock,  finely  banded  with  seams  which  are  altemat- 
ingly  rich  in  quartz  and  hornblende;  that  it  consists  essentially  of  orthoclase,  plagioclase, 
quartz,  hornblende,  chlorite  and  magnetite,  and  ia  properly  a  chloritic  hornblende-gneiss, 
the  chlorite  being  merely  a  pseudomorphous  alteration-product  of  the  hornblende.  To- 
wards the  south  end  of  the  cutting  the  quartzose  seams  often  predominate  over,  and  are 
wider  than  those  rich  in  hornblende,  and  the  rock  consequently  takes  on  a  lighter  hue. 

It  is  evident  enoagh  that  all  of  the  rock  at  this  place  ia  essentially  the  same,  the  vari- 
ations being  due  either  to  the  predominance  of  one  or  other  ingredient  in  different  layers, 
or  to  the  amount  of  alteration,  which  is,  naturally,  greatest  at  the  northern  end  of  the 
cutting,  or  near  the  surface  of  the  northern  slope  of  the  hill. 

Passing  directly  west  from  the  cutting  just  described,  Bad  river  is  met  at  about  100 
steps,  just  at  a  sharp  bend.  On  the  opposite  or  western  side  of  the  river,  the  same  hom- 
blendic  gneiss  rises  predpitously  from  the  water,  forming  a  rocky  knob  over  50  feet  high, 
the  exposures  covering  an  area  of  about  100  paces  from  east  to  west,  and  50  paces  from 
north  to  south.  In  outward  appearance  the  rock  from  all  portions  of  this  knob  (1,465, 
1.466  —  sp.  gr.,  2.96 — from  the  foot  of  the  diff  on  the  river,  at  about  35  paces  west  of 
Btati<m  115,  Atlas  Plate  XXII;  1,462, 1,463, 1,464,  respectively  from  40  paces  south  of, 
15  paces  south  of,  and  at,  station  112)  is  quite  imiform  and  essentially  the  same  as  the 
normal  rock  in  the  cutting,  the  only  apparent  difference  being  a  more  uniform  black 
color,  due  to  a  greater  amount  of  the  homblendic  ingredient.  The  slice  (1,466)  bears 
out  the  condusions  drawn  from  the  outward  appearance  of  the  rock,  showing  to  the 
naked  eye  the  dark-colored  ingredient,  in  scales  up  to  0.5  and  2  m.  m.,  as  the  predom- 
inating one.  With  the  loupe  this  constituent  is  seen  to  be  partly  deep-green  (chlorite) 
and  partly  brownish-green  (hornblende).  Under  the  microscope  (X75),  the  hornblende 
is  in  pale  brownish-green  plates  of  very  irregular  shape,  often  confusedly  intermingled 
with  each  other,  and  with  the  chlorite  scales,  which  are  very  highly  dichroitic  and  show 
the  prismatic  deavagQ  distinctly.  The  chlorite  has  a  bluish-green  color,  and  shows  gen- 
erally some  traces  of  the  dichroism  and  cleavage  of  the  hornblende  from  which  it  is 
altered.  Orthodase  is  the  next  ingredient  in  abundance,  while  the  plagioclase  and 
quartz  are  much  less  plenty  than  in  the  rock  examined  by  Mr.  Julien.  Minute  fissures 
0.1  m.  m.  wide  traverse  the  slice,  and  in  their  neighborhood  a  considerable  quantity  of 
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red  ochreons  matter  prevades  the  feldspar  to  a  distance  of  1.5  m.  m.  All  of  the  rock  of 
these  ledges  is  very  distinctly  gneissoid,  with  a  nearly  E.-W.  strike,  and  a  dip  of  85*  S. 
A  westward  continuation  of  the  same  homblendic  gneiss  is  seen  in  a  small  knob  30  paces 
north  of  station  106,  where  it  is  very  fine-grained,  and  compact,  with  a  uniform  daik- 
gray  color  (1,461). 

South  of  the  railway  cutting  above  described,  another,  at  a  distance  from  the  first  of 
110  steps,  measured  along  the  track,  represents  a  more  southern  belt  of  rock.  This  cut- 
ting is  44  steps  long,  with  rock  on  the  east  side  rising  to  a  height  of  3  feet,  and  showing 
a  dip  of  76*  S.,  the  strike  being  the  same  as  in  the  more  northern  cutting.  The  rock  is 
almost  essentially  the  same.  At  the  north  end  of  the  cutting  it  (1,413)  is  very  finely 
banded  light  and  dark,  and  is  the  same  as  the  rock  examined  by  Mr.  Julien  (1,411).  At 
8  steps  further  south. the  grain  is  yery  much  finer  (1,414;  sp.  gr.,  2.79),  the  slice  showing 
the  ingredients  quite  uniformly  intermingled,  with  a  predominating  amount  of  much 
rounded  giuins  of  quartos  and  orthodase.  At  18  paces  the  rock  (1,415;  sp.  gr.,  2.83)  be- 
comes soft  and  highly  schistose,  the  layers  showing  a  greasy,  shining,  brownish-green 
surface,  due  to  a  large  proportion  of  partly  altered  mica,  which  is  arranged  along  certain 
laminae.  Under  the  microscope  the  principal  ingredients  are  seen  to  be  fibrous  horn- 
blende, for  the  most  part  somewhat  altered,  and  yellowish-brown  mica.  Fine  magnetite 
is  scattered  through  the  section.  At  38  paces,  in  the  normal,  compact,  black  rock,  are 
white  bands,  1  to  13^  inches  wide,  composed  chiefly  of  very  fine-granular  quartz  (1,416). 

At  18  paces  beyond  the  end  of  the  exposure  in  the  cutting,  the  normal  dark-colored 
gneiss  is  seen,  some  yards  east  of  the  track,  interbedded  with  light-colored,  very  quartz- 
ose  seams  several  feet  in  width.  The  rock  of  these  seams  (1418)  is  pinkish-gray, 
fine-grained,  of  a  gneissoid  texture,  and  composed  almost  wholly  of  grains  of  quartz 
and  pink  and  white  orthodase  .04  to  .4  m.  m.  in  diameter.  Under  the  microscope 
the  orthodase  is  milky  from  partial  alteration,  and  a  few  plagiodase  grains  are  seen. 

For  40  paces  further  the  rocks  are  concealed,  and  then  30  feet  of  the  dark -colored 
gneiss,  (1419)  with  light-colored  bands,  (1426)  show  in  a  ** borrowing"  to  the  east  of 
the  railroad. 

At  the  quarter  post  on  the  west  line  of  Sec.  14,  in  the  bed  of  a  small  stream,  are 
large  ledges  of  a  medium-grained  pinkish  granite.    (1400). 

West  of  Bad  River,  In  T.  44,  R.  4  W.,  several  granite  ledges  have  been  noted. 
Pinkish-weathering  granites  occur  on  the  head-waters  of  the  Brunschweiler  river  in 
sections  27  and  28.  At  the  southwest  town  comer  (3.  W.  cor.  Sec.  31),  are  ledges  of  a 
dark  gray,  fine-grained,  compact,  gnessoid  rock,  which  microscopically  shows  predomi- 
nating gray  quartz,  fine  white  feldspar,  some  dark-colored  mica,  and  probably  also 
hornblende. 

Several  ledges  on  the  west  Une  of  Sec.  30,  T.  44,  R.  4  W.,  show  a  rather  fine-grained 
pinkish-gray  gneissoid  granite,  with  very  fine-scaled  black  mica  arranged  in  lines. 

In  the  vicinity  of  the  falls  of  the  Marlngonin*  in  the  N.  W.  qr.,  Sec.  23,  T.  44,  R.  5 
W.,  are  a  number  of  exposures.  The  falls,  which  are  about  50  paces  south  and  500 
west  of  the  northwest  comer  of  Sec.  23,  are  themselves  over  gi-anite;  and  the  same 
rock  shows  for  some  distance  below  on  the  south  side  of  the  stream,  whilst  above,  the 
course  of  the  river  is  through  granite  for  about  a  quarter  of  a  mile.  At  the  top  of  the 
diff  at  the  falls,  on  the  west  bank  of  the  river,  the  granite  (88,  sp.  gr.,  2.62)  is  medium- 
grained  and  flesh-colored,  the  prindpal  ingredients  being  apparently  quartz  and  pinkish 
orthodase,  with  which  are  associated  some  whitish  feldspar  and  blackish-green  mica 

»  At  Mr.  C.  E.  Wright  hai  made  a  detailed  examtnatlon  of  this  yiclnlty  tn  hit  Investigation  of  the 
iron  bearing  rocks  west  of  Penokee  Gap,  I  have  made  no  microscopic  examination  of  the  granite 
here  exposed. 
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arranged  in  bunches.  The  rock  is  without  sign  of  gneissoid  arrangement  of  the  ingre- 
dients. Specimens  taken  from  half-way  down  the  diflfe  (89,  p.  gr.  2.76),  and  from  the 
water's  edge  (90),  show  the  same  characters,  bat  contain  a  little  greenish  chlorite. 
Twenty  rods  abore  the  falls  the  rock  (91)  contains  an  abundance  of  light-colored  shin- 
ing mica,  as  well  as  a  fine  dark-colored  ingredient.  Forty  rods  above  the  falls  the 
granite  (92)  is  medium-grained  and  compact,  having  a  white- and- black-mottled  ap- 
pearance. The  white  ingredient  is  largely  orthodase,  whilst  the  black  is  in  part  horn- 
blende. I^te,  in  minute  bunches,  is  scattered  through  the  rock.  One-fourth  mile 
above  the  falls  the  granite  (93)  is  the  same  as  that  at  the  falls,  showing,  however,  some 
tendency  to  a  gneissoid  structure.  The  micaceous  ingredient  appears  to  be  in  part 
chlorite. 

In  the  N.  E.  quarter  of  Sec.  21,  and  the  N.  W.  quarter  of  Sec.  22,  are  ledges  of 
granite,  and  near  the  common  northern  comer  of  these  sections  the  southern  beds  of 
the  Huronian  System  are  exposed.  The  granite  here  is  brick  red,  mottled  with  green- 
ish-black, rather  fine-grained,  and  consists  chiefly  of  red  cleavable  orthodase,  with 
black  hornblende  and  some  quartz. 

East  of  Bad  Biter.  In  the  western  part  of  Sec  1 1,  T:  44,  R.  2  W.,  1000  steps 
south  and  125  steps  east  of  the  northwest  corner  of  the  section,  and  in  the  immediate 
vicinity  of  ledges  of  the  crystalline  limestone  and  white  quartz,  which  form  the  two 
lowest  members  of  the  Huronian,  is  a  low  exposure  (30,  of  Atlas  l*iate  XXIV)  of  a 
dark  gray,  fine-grained,  compact,  gnessoid  rock  (2072;  sp.  gr.  2.82),  in  which  are  percept- 
ible, macroscopically,  fine  granular  quartz,  very  fine-faceted  glassy  white  feldspar,  and 
large  flaked,  black,  shining  hornblende,  the  single  blades  of  which  reach  sometimes  a 
length  of  an  eighth  of  an  inch.  The  hornblende  is  espedally  abundant  in  certain 
laminse,  some  of  which  appear  almost  wholly  composed  of  it.  The  thin  section  of  one 
of  the  laminae  rich  in  hornblende  shows  to  the  loupe  a  white  cloudy  background  thickly 
fetrewn  with  green  flakes,  many  of  which  are  one-twentieth  inch  in  length,  and  Httle 
white  translucent  spots  (quartz).  Under  the  mioroscope  (X  88)  the  green  scales  are 
seen  to  be  chiefly  hornblende,  with  very  strong  dichroism  from  pale  greenish-brown  to 
deep  bluish-green,  and  with  plain  prismatic  cleavage.  Some  of  the  scales  have  a  feeble 
dichroism,  deeper  green  color  in  ordinary  light,  and  lack  the  deavage.  These  are 
evidently  chlorite,  from  which  to  the  hornblende  there  ia  every  degree  of  alteration. 
Other  thinner  and  smaller  scales  of  chlorite  are  scattered  through  the  ground-mass, 
which  appears  to  be  chiefly  altered  orthodase.  The  dear  grains  of  quartz  and  rare  scales 
of  muscovite  complete  the  list  of  constituents. 

Two  hundred  steps  ea&t  of  the  northeast  comer  of  Sec.  4,  T.  44,  R.  1  W.,  a  number  of 
ledges  of  rock  are  found  crossing  the  section  line.  These  finally  end,  at  250  steps  east 
of  the  comer,  in  an  east-facing  predpice  50  feet  in  height  The  rock  of  these  ledges  is 
apparently  quite  uniform  (2,085,  2,086),  and  presents  a  massive  appearance,  being  en- 
tirely without  apparent  bedding  or  lamination  lines.  Macroscopically,  the  rock  is  dark 
greenish-gray,  and  fine-grained,  but  highly  crystalline.  Glistening  facets  of  gray 
feldspar  and  black  hornblende  are  distinguishable.  A  brownish- white  earthy  crust, 
one-sixteenth  of  an  inch  deep,  covers  the  exposed  surfaces.  The  thin  section  shows 
hornblende  as  the  main  ingredient,  in  blades  more  or  less  shattered,  and  often  showing 
very  plainly  the  prismatic  deavage.  The  blades  often  reach  .5  m.  m.  in  width.  Much 
altered  orthodase,  rare  quartz,  chlorite  altered  from  the  hornblende,  and  small  musco- 
vite blades  are  the  other  constituents. 

On  and  near  Potato  river.  Sec  19,  T.  45,  R.  1  E.,  are  quite  large  exposures  of  fine- 
grained, greenish  and  black  Laurentian  rocks,  which,  in  part  at  least,  are  highly  schis- 
tose and  altered  chloritic  gneisses,  analogous  to  those  on  Bad  river.  On  the  river,  the 
southern  edge  of  the  Laurentian  exposures  is  560  paces  north  of  the  southeast  comer  of 
Vol.  111.-7 
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Sec.  19,  and  they  continue,  with  some  inteiraption,  to  765  paces;  where,  on  a  steep  cliff- 
side  rising  75  feet  from  the  river,  the  exact  contact  with  the  siliceous  sdusts  of  the  Huro- 
nian  is  most  beautifully  shown.  The  greenish  Laurentian  rocks  are  in  part  massive 
and  in  part  highly  sdustose,  the  schistose  planes  striking  N.  60*  £.,  and  dipping  south 
5o'-60'.  On  all  of  the  Laurentian  exposures  the  rock  is  exceedingly  fine-grained  to 
aphanitic,  often  quite  soft,  has  a  greenish  cast,  and  weathers  with  a  light-greenish 
earthy  surface.  A  spechnen  (2,127;  sp.  gr.,  2.78)  taken  from  near  the  junction  vrith  the  , 
Huronian  slate,  is  greenish-gray,  schistose,  quite  soft  and  very  fine-grained,  but  showing 
under  the  loupe  a  few  scattering  crystals  of  hornblende.  Under  the  microscope,  the  slice 
shows  scattering  and  much  broken  crystals  of  hornblende,  which  have  a  length  of  .2  to 
.4  m.  m.,  show  the  cleavage  very  distinctly,  and  lie  in  every  direction.  In  and  about  these, 
magnetite,  or  other  black  opaque  mineral,  is  abundant,  becoming  especially  thick  in  places 
where  the  hornblende  crystal  has  been  almost  wholly  decomposed.  The  predominant 
mineral  of  the  rock  is  chlorite,  which,  in  very  fine  interlacing  scales,  forms  the  greenish 
ground-mass  in  which  the  foregoing  are  imbedded.  In  this  ground-mass,  interlocking 
with  the  chlorite  scales,  are  also  many  of  only  partially  altered  hornblende.  The  quarts 
and  feldspar  are  quite  subordinate. 

The  same  rock  exactly  (2,126),  shows  where  the  section  line  climbs  the  steep  eastern 
bank  of  the  river,  at  720  paces  north  of  the  southeast  comer.  At  560  paces  north  of  the 
comer,  and  10  west  of  the  section  line,  a  ledge  with  a  width  from  north  to  south  of  30 
paces,  rises  precipitously  from  the  east  bank  of  the  river.  At  the  northern  end  of  this 
ledge  the  schistose  structure  is  highly  developed,  and  the  rock  (2,123)  is  the  same  as 
before.  Further  south  on  the  cliff  face,  dirty-pinkish  amygdules  of  caldte  one-sixth  to 
one-eighth  of  an  inch  in  length,  are  abundant,  and  the  weathered  surfoce  of  the  rock 
has  a  curiously  pitted  appearance,  from  the  removal  of  the  amygdules.  At  the  southern 
end  of  the  exposure  the  rock  is  without  the  schistose  character,  but  is  otherwise  evidently 
the  same. 

Besides  the  above  described  exposures,  there  are  other  small  ones  on  the  south  line  of 
the  section  running  from  94  to  134  steps  west  from  the  southeast  comer,  and  from  65  to 
105  steps  west  of  the  river.  The  rock  here  (2,122;  sp.  gr.,  2.71)  is  ill-exposed,  and  no 
reliable  strike  lines  were  obtained.  It  is  very  fine-grain^  dark  gray,  and  has  a  slightly 
shimmering  surface,  from  abundance  of  fine  mica  scales.  The  texture  is  schistose,  and 
the  weathered  surface  dirty  greenish-white.  U.  M.,'  it  is  seen  to  be  quite  different  from 
the  more  northern  exposures  on  the  Potato,  just  described.  The  main  ingredient  is 
quartz,  in  rounded  grains,  many  of  which  are  .02  to  .1  m.  m.  in  diameter,  and  are  por- 
phyritically  imbedded  in  a  finer  brownish  ground-mass,  in  which  the  mica  is  a  principal 
constituent.    A  few  crystals  of  plagioclase  are  contained. 

Sixty-five  steps  north  of  the  southeast  comer  of  Sec  1,  T.  45,  R.  1  £.,  is  a  low  ledge 
of  chloritic  gneiBS,  striking  S.  80*  W..  and  dipping  50*  N. 

At  the  falls  of  the  Gogogashngim  river,  in  the  southem  part  of  Sec  27,  T.  46,  R. 
2  E.,  the  Laurentian  exposures  are  large  and  interesUng.  The  Laurentian  gneiss  shows 
from  a  short  distance  north  of  the  center  of  the  south  line  of  the  section,  to  the  junction 
with  the  Huronian  at  200  paces  north.  The  following  description  is  from  notes  taken 
by  Professor  CHiamberlin  at  this  place :  "  The  gneissoid  rock,  where  seen  near  the  junc- 
tion with  the  schist,  is  for  the  most  part  of  a  greenish  cast,  but  in  the  vicinity  devobpes 
the  more  usual  gneissoid  appearance  It  closely  resembles  the  uppermost  Lsurentian  at 
Penokee  Ckip.  Quartx,  feldspar  and  a  green  mineral  are  the  main  oonstituenti.  Its 
dip,  at  the  junction,  is  49*,  N.  23*  E.;  strike,  N.  67*  W.  It  is  unquestionably  Laoren- 
tian,  as  it  was  seen  in  actual  contact  with  the  siliceous  schists,  which  dip  from  45*  to  79* 
N.  W.  and  strike  N.  55*  E.    A  hand  specimen  showing  the  two  was  obtained.**    This 

>  U.  M.,  ilgnlSet  "under  ths  mlerotcope.** 
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spedmen  (2,232;  sp.  gr.,  2.75)  shows  a  dark  greenish-gray,  very  fine-grained  rock,  the 
ingredients  being  indistingoishable  macroscopically,  though  fine  shining  facets  can  be 
distingaished  with  the  loupe.  The  slice  is  light  gray,  thickly  streaked  with  green,  the 
schistoee  stanctore  being  highly  prominent  U.  M.,  fine  grains  of  quartz  and  orthodase 
form  the  ground-mass.  The  grains  reach  sometimes  a  diameter  of  .025  m.  m.,  but  for 
the  most  part  are  not  over  .009  to  .01  m.  m.  Very  fine-scaled  chlorite  is  the  chief  ad- 
mixture, but  here  and  there  may  be  seen  a  shattered  hornblende  blade  of  some  size, 
whilst  many  smaller  hornblende  fibres  are  seen  throughout  Magnetite  occurs  in  nu- 
merous small,  irregular  grains,  and  the  whole  rock  is  veiy  dose  to  that  seen  at  the  same 
horizon  on  the  Potato. 
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CHAPTER  III. 

THE   HUEONIAN   SYSTEM. 

SURFACE  EXTENT  AND  TOPOGRAPHICAL  FEATURES. 

The  Huronian  rocks  lie  together  in  a  narrow  belt,  from  half  a  mile 
to  three  miles  in  width,  which  stretches  entirely  across  the  district,  from 
the  west  line  of  T.  44,  E.  5  W.  to  the  Michigan  boundary  at  the  Mon- 
treal river,  in  Sees.  24  and  13,  T.  46,  E.  2  E.  The  total  length  of  the 
belt  in  this  distance  is  abont  forty-six  miles.  The  wider  portions  are 
towards  the  east,  the  western  part  narrowing  in  places  to  as  little  as  a 
mile  or  even  half  a  mile  in  width,  as  in  the  sections  just  south  of  Bladder 
lake.  The  total  area  underlaid  by  these  rocks  is  just  abont  one  hun- 
dred square  miles. 

For  a  more  definite  idea  of  the  position  and  extent  of  the  Huronian 
area  in  the  several  townships  crossed  by  it,  we  may  begin  at  the  western 
limit  of  the  district,  on  the  west  line  of  T.  44,  R  5  W.  Here,  in  sec- 
tions 18  and  19,  we  find  the  belt  trending  north  of  east,  with  a  width 
of  about  a  mile.  The  same  course  and  width  are  preserved,  with  some 
minor  bendings,  until  tlie  Maringouin  river  is  reached,  about  half  way 
across  the  townsliip.  Now  begins  a  gentle  curve,  with  the  convex  side 
towards  the  north,  the  general  course  of  the  formation  being  thus  grad- 
ually brought  around  to  the  southeast,  in  which  direction  it  continues 
to  Sees.  20  and  29,  T.  44,  E.  4  W.,  where  the  width  is  about  a  mile. 
The  course  is  next  northeasterly  to  the  southeast  quarter  of  Sec.  14,  T. 
44,  E.  4  W.,  just  south  of  Bladder  lake,  where  the  width  is  contracted 
to  as  little  as  half  a  mile,  the  southernmost  beds  of  the  Huronian  lying 
within  tliis  distance  of  large  ledges  of  tJie  coarse  gabbro  which  consti- 
tutes the  southern  portion  of  the  Keweenawan  series.  On  the  east  line 
of  Sec.  14,  an  abrupt  turn  to  the  southeast  is  made,  and  in  the  north 
part  of  Sec.  24,  still  another,  the  formations  now  trending  some  60*  east 
of  north.  This  direction  continues,  the  width  at  the  same  time  rapidly 
increasing,  through  the  western  part  of  T.  44,  E.  3  W.  South  of  the 
eastern  end  of  English  lake  begins  a  nearly  due  east  coarse,  which 
continues  for  some  six  miles,  or  half  way  across  T.  44,  R  2  W.,  the 
width  increasing  from  two  to  two  and  a  half  miles.  In  sections  3  and 
10,  and  parts  of  the  adjoining  sections  of  the  latter  town,  an  exceed- 
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ingly  abrapt  turn  to  the  northeast  is  made,  and  from  here  the  course 
is  K  66*  E.  to  near  the  east  line  of  T.  45,  R  1  W.,  and  thence  K  60* 
E.  to  the  Michigan  boundary  at  the  Montreal  river,  in  the  eastern  part 
of  T.  46,  E.  2  E.,  the  breadth  of  the  formation  in  all  this  portion  oiE  its 
conrae,  running  from  two  and  a  half  to  three  miles.  Minor  undulations 
occur  in  this  portion  of  the  belt,  but  no  such  abrupt  turns  as  observed 
in  its  western  extension. 

The  southern  boundary  of  the  Huronian,  or  its  line  of  junction  with 
the  Laurentian,  is  a  very  sharply  defined  line,  on  account  of  the  bold 
topography  and  frequent  rock  exposures  of  the  Penokee  Bange.  Even 
in  that  portion  of  the  Huronian  belt  where  the  Penokee  Eange  disap- 
pears, and  the  rocks  are  entirely  concealed  by  drift  and  swamps,  the 
magnetic  attraction  exerted  by  the  iron-bearing  member  of  the  forma- 
tion, one  of  its  lower  layers,  serves  to  fix  very  closely  the  southern 
boundary.  On  the  accompanying  atlas  plates,  this  boundary  line  is 
laid  down  so  accurately,  and  the  facts  upon  which  it  is  based  are  there 
detailed  so  fully,  that  no  further  explanation  is  needed  here. 

In  addition  to  the  facts  given  on  the  maps  and  in  the  details  of  the 
following  pages,  it  is  merely  necessary  to  say  here,  with  regard  to  the 
northern  boundary,  that  it  does  not  follow  the  strike  of  the  Huronian 
beds,  but  cuts  across  them  in  a  more  or  less  irregular  way.  The  width 
of  the  Huronian  does  not  vary  on  account  of  the  thickening  or  thinning 
or  disappearance  of  any  of  its  subordinate  layers,  but  the  wider  por- 
tions include  higher  layers,  which  are  wanting  in  the  narrower  portions. 
The  irregularity,  then,  of  the  northern  boundary  is  due  to  a  non-con- 
formity of  the  overlying  rocks  with  the  Huronian.  It  should  also  be 
said  that  these  overlying  rocks,  chiefly  gabbros,  are  of  an  igneous 
origin,  and  have  certainly,  in  some  places,  and  quite  possibly,  idso,  in 
others  not  yet  recognized,  penetrated  the  Huronian,  producing  peculiar 
irregularities  in  the  line  of  junction. 

The  main  topographical  features  of  the  Huronian  belt  have  already 
been  given  in  another  connection.  It  is  only  necessary  to  notice  here 
somewhat  more  definitely  the  relation  existing  between  the  geological 
structure  of  the  series  and  the  topography  of  the  strip  of  country  under- 
laid  by  it  The  Huronian  series  includes  a  succession  of  beds,  always 
markedly  schistose  and  at  times  highly  slaty,  which  ai*e,  for  the  most 
part,  inclined  at  a  high  angle  to  the  northward.  At  the  base  or  south- 
em  side  of  the  belt  are  narrow  layers  of  crystalline  limestone  and 
quartzite,  succeeded  by  a  broad  band  of  siliceous  slate,  some  400  feet 
in  width,  above  which  there  is  again  a  much  broader  band,  generally 
as  much  as  800  feet  wide,  of  magnetic  and  specular  schists.  Above 
these  again  is  a  series  of  alternating  layers  of  mica  slates,  diorites, 
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quartz  slates  and  qnartzites — the  latter  comparatively  inconspicuous  — 
which  reach  a  thickness  of  several  thousand  feet  A  close  connection 
may  be  traced  between  the  nature  of  these  beds  and  the  features  of  the 
surface. 

The  existence  of  the  Penokee  Eange,  which  marks  the  lower  side  of 
the  Huronian  belt  for  the  greater  part  of  its  extent,  and  which  has 
already  been  described  in  some  detail,  is  determined  by  the  broad  bed 
of  magnetitic  qnartzites  and  siliceous  magnetic  and  specular  schists 
above  referred  to.  These,  by  virtue  of  the  superior  hardness  and  power 
of  resisting  chemical  action  conferred  on  them  by  their  siliceous  ingre- 
dient, have  remained  standing,  while  the  softer  beds  to  the  north  have 
been  worn,  for  the  most  part,  into  deep  valleys,  in  which  streams  run 
parallel  to  the  trend  of  the  Penokee  Kange,  being  impelled  to  their 
courses  by  the  strike  of  the  underlying  rocks.  In  places,  the  more 
massive  diorites  and  qnartzites  of  the  northern  portion  of  the  series 
rise  from  the  valley  in  abrupt  ledges,  but  they  never  constitute  a  con- 
tinuous ridge  like  the  Penokee  Eange,  on  account  of  their  smaller 
breadth  and  inferior  resisting  power.  On  the  northern  side  of  this 
valley  the  Huronian  beds  often  extend  well  up  the  river  on  to  the 
Copper  Range,  being  protected  here  by  the  massive  rocks  of  the  Kewee- 
naw series,  which  bound  them  on  the  north.  The  south  slope  of  the 
Penokee  Bange,  again,  is  made  up  of  the  siliceous  schist  which  underlies 
the  harder  rocks  that  form  the  body  of  the  range,  and,  being  itself  gen- 
erally a  quite  soft  and  easily  eroded  material,  the  southern  slope  is 
often  precipitous,  or  at  least  very  bold.  This  is  especially  tnie  of  the 
middle  portions  of  the  range,  from  a  few  miles  west  of  Bad  river  nearly 
to  Tyler's  Fork.  Further  east  this  layer  becomes  more  quartzitic  and 
harder,  and  forms  itself  the  body  of  the  ridge,  the  overlying  beds  at 
the  same  time  losing  their  comparatively  great  resisting  power  by  a 
change  in  composition.  In  some  places  in  the  eastern  extension  of  the 
Iluronian  belt,  both  the  siliceous  schist  and  the  overlying  beds  are 
softer  than  the  Laurentian  below,  and  the  crest  of  the  ridge  is  made 
up  of  rocks  of  the  latter  series. 

A  variation  in  the  degree  of  northerly  dip  of  the  beds  of  the  Huro- 
nian has  also  very  measurably  affected  the  surface  features.  From  a 
point  on  the  ridge  a  few  miles  west  of  Bad  river  to  the  Montreal,  the 
angle  of  dip  is  always  very  high,  55*  to  75*;  while  further  west  it 
lessens  to  45*,  35*,  25*,  and  even  to  20*  or  15*.  In  these  places,  the  re- 
sult is  a  longer  front  slope  to  the  ridge,  and  a  very  steep,  frequently 
bold  and  precipitous  southern  face,  made  up  usually  of  heavily  bedded 
quartzitic  iron  ore  overlying  the  siUceous  schist,  wDich  now  loses  its 
prominence  and  forms  only  the  foot  of  the  southern  face.    The  entire 
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absence  of  the  Penokee  Eange  in  T.  44,  E.  4  W.,  is  perhaps  to  be  at- 
tributed in  part  to  a  lessening  in  dip,  though  probably  chiefly  to  a 
change  in  the  character  of  the  lower  layers  of  the  series. 

LITHOLOGY  AND  STRATIGRAPHY. 

The  Huronian  series  consists  of  a  succession  of  more  or  less  highly 
schistose  to  slaty  beds,  which  reach  a  total  thickness  in  the  widest  part 
of  nearly  13,000  feet.  These  layers  all  stand  inclined  at  a  high  angle  to 
the  north,  and  stretch  across  the  country  in  outcrops  generally  parallel 
to  the  southern  limit  of  the  formation,  some  of  the  more  prominent 
ones  preserving  their  characters  across  the  whole  width  of  the  district, 
a  distance  of  about  forty-five  miles.  Inclining,  as  they  always  do,  to 
the  north,  these  beds  are  without  folds,  and  the  series  is  only  limited  in 
that  direction  by  the  overlapping  of  masses  of  igneous  rocks  belonging 
to  an  unconformable  system  —  the  Copper-bearing  or  Keweenawan^ 
series  —  the  unconformity  being  one,  however,  recognizable  only  on  a 
comprehensive  survey  of  the  region,  and  not  by  any  observed  contact 
between  the  two  formations.  The  absence  of  any  folds  in  so  highly 
altered  and  inclined  strata  is  easily  explained,  if  we  regard  them  as 
forming  part  of  a  great  bend  underneath  the  trough  of  Lake  Superior 
and  reappearing  on  the  north  side  of  the  lake  with  a  reversed  inclination. 
These  points  have  been  brought  out  on  a  previous  page,  and  need  only 
to  be  alluded  to  here. 

The  degree  of  northward  inclination  of  the  Huronian  beds  is,  for 
most  of  the  course  of  the  formation,  from  55*  to  75";  most  usually  be- 
tween 65'  and  75'.  To  the  west  of  Sec.  16,  T.  44,  K.  3  W.,  however, 
the  degree  of  inclination  is  nearly  always  much  less,  becoming  at  times 
as  low  as  20*.  The  bends  in  the  course  of  the  formation  have  already 
been  noted  in  a  general  way.  Some  of  these  are  exceedingly  abrupt, 
as,  for  instance,  on  Sec.  10,  T.  44,  R  2  W.;  at  the  crossing  of  the  creek 
in  sections  8  and  17,  T.  44,  R  2  W. ;  and  at  several  places  in  the  western 
extension  of  the  formation.  These  bends  are  well  marked  out  in  the 
rock  exposures,  and  arc  noted  in  detail  on  the  accompanying  maps. 

At  the  passage  of  Bad  river,  the  strata  are  crossed  by  a  fault,  trend- 
ing about  N.  17*  W.,  the  layers  on  the  west  side  of  the  fault  being 
thrown  800  feet  to  the  northward  of  those  on  the  east  side;  or,  regard- 
ing the  throw  as  a  vertical  one,  the  western  side  has  been  elevated  or  the 
eastern  depressed  a  vertical  distance  of  over  1,700  feet;  the  apparent  lat- 
eral throw,  on  this  supposition,  being  explained  by  the  inclined  position 
of  the  strata.  Thi|  fault  is  marked  in  the  topography  by  a  corresponding 

*  See  Part  I  of  this  volume. 
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set-off  in  the  Penokee  Eange,  which  on  the  west  side  of  the  river  is  well 
to  the  northward  of  its  position  on  the  east  side.  It  is  also  well  marked 
by  large  rock  exposures  on  either  side,  and  also  by  an  abrupt  break  in 
the  line  of  magnetic  attraction  caused  by  the  magnetic  belt  of  the 
formation.  The  facts  with  regard  to  it  are  all  detailed  on  Atlas  Plate 
XXIII,  and  also  in  the  descriptions  of  the  following  pages. 

The  following  tabulation  indicates  the  succession  of  layers  of  the 
Huronian  series  in  the  vicinity  of  Bad  river,  so  far  as  made  out,  with 
the  average  thickness,  surface  breadth,  and  other  prominent  points  of 
each  layer.  Several  of  the  lower  layers,  including  a  total  thickness  of 
some  1,500  feet,  have  been  traced  across  the  entire  width  of  the  district. 
The  higher  layers,  on  account  of  their  comparative  softness  and  sus- 
ceptibility to  chemical  changes,  have  been  for  the  most  part  deeply 
eroded,  and  are,  moreover,  largely  buried  beneath  accumulations  of  drift 
materials,  so  that  the  exposures  are  comparatively  few  and  distant,  and 
the  task  of  making  out  the  succession  becomes  much  more  difficult. 
On  the  general  map  of  the  district.  Atlas  Plate  XXII,  the  upper  por- 
tions of  the  Huronian  are  marked  by  one  color,  and  the  statement  is 
made  in  the  legend  that  the  layers  making  up  this  portion  of  the  series 
are  not  constant  in  their  characters.  This  statement  is  broader  than 
it  was  meant  to  be,  and,  moreover,  this  map  was  drawn  before  the  study 
of  the*  collections  and  notes  made  in  the  field  was  completed.  It  is 
entirely  true  that  some  of  the  layers  are  composed  in  their  western  ex- 
tensions of  rocks  differing  considerably  from  those  composing  them 
across  most  of  the  district;  but  had  the  printing  of  this  map  been 
delayed  a  few  months,  an  additional  color  could  have  been  inserted  for 
the  great  mica-schist  member,  XXI,  lying  at  the  top  of  the  series, 
for  the  whole  distance  from  the  Montreal  river  to  English  lake,  beyond 
which,  to  the  west,  it  is  cut  out  by  the  overlying  Keweenawan  gabbro. 
The  alternating  quartz-schists  and  black  slates,  XTV"  to  XVIII,  have 
also  been  recognized  from  Bad  river  eastward  for  twenty  miles,  and 
we  cannot  doubt  that  a  removal  of  the  overlying  drift  would  disclose 
nearly,  if  not  quite,  as  constant  layers  in  the  upper  portion  of  the  series 
as  below. 

The  numbers  of  the  following  synopsis  are  those  used  on  the  plates 
of  the  atlas. 

SynojmsoftJie  St7Xitigraj>hyoft?ie  Huronian  of  the  Penokee  Region^ 

Wisconsin. 

Averag$  thickneu. 
Formation.  FeeL 

I.  Tremolitic  crystalline  limestone 90 

II.  (A)  Arenaceous  white  quarizite,  often  breociated,  35  feet;  (B)  magnetitie 

quartz-schist  5  feet 40 
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Sifnopsis  of  Stratigraphy  of  the  Huronian  of  the  Penokee  fie^ion  —  (continued). 

Average  thicknesa. 
Formation.  Feet, 

III.  Siliceous  slaty  schists;  indadin^  qaartzite,  *'  argillitic  "  mica-Bchisfc,  and 

noyaculite;  all  having  mach  quartz,  and  none  ever  showing  any  amor- 
phous  material 410 

IV.  Magnetic  belt;  including:  (^a^  banded  magnetic  quartzite — gray  to  red 

quartzite,  free  from  or  lean  in  iron  oxides,  banded  with  seams,  from  a 
fraction  of  an  inch  to  several  inches  in  width,  of  pure  black  granular 
magnetite,  only  rarely  mingled  with  the  specular  oxide;  (h)  magnetitic 
quartzite-  the  magnetite  in  varsring  proportions,  pretty  well  scattered 
throughout,  and  mingled  with  the  specular  oxide  in  proportions  varying 
from  nothing  to  a  predominating  quantity;  (c)  magnetitic  quartz-slate, 
the  magnetite  pervading  the  whole,  and  mingled  with  the  specular 
oxide  as  before;  (d)  slate  like  (c)  but  largely  charged  with  tremolite 
or  actinolite;  (e)  arenaceous  to  compact  and  flaky  quartzite,  free,  or 
nearly  so,  from  iron  oxides;  (f)  thin-laminated,  soft,  black  magnetitic 
slate;  (g)  hematitic  quartzite,  the  iron  oxide  the  red  variety;  (h)  gar- 
netiferous  actinolite-schist,  or  eclogite;  (i)  diorite,  which  is  restricted 
to  the  western  end  of  the  Huronian  belt.  Kinds,  (a)  to  (d),  all  carry 
much  pyrolusite,  or  other  manganese  oxide.  These  varieties  have  no 
persistent  stratigraphical  arrangement,  and  are  named  here  in  order  of 

relative  abundance.    Total  thickness,  about 780 

V.  Black  feldspaihic  slate;  consisting  of  orthoclase  grains  imbedded  in  a 

paste  of  biotite,  pyrite,  limonite  and  carbon 180 

VI.  Unknown,  always  drift-covered 880 

VII.  Dark  gray  to  black,  aphanitic  mica-slate^  having  a  wholly  crystalline 

base  of  quartz  and  orthoclase,  with  disseminated  biotite  scales 120 

VIII.  Unknown,  but  probably  in  large  part  the  same  as  VII 290 

IX.  Chloritic,  pyritiferous,  massive  diorite 160 

X.  Black,  aphanitic  mica^slaie^  like  VII 25 

XL  Covered,  but  probably  mica-slate 280 

XII.  Black  mica-slate;  aphanitic;  at  times  chiastolitic 225 

XIII.  Chloritic  dion'te-wAw^ 35 

XrV.  Black  mica-slate,  like  XII,  often  chiastolitic 375 

XV.  to  XVIII.  Alternations  of  black  mica-slates ^  with  quartzites  and  quartz- 
schists 675 

XIX.  Greenstone-schist;   aphanitic;    the   hornblende   and   plagioclase  much 

altered 260 

XX.  Covered,  but  probably  like  XXI 525 

XXI.  Mica-schist;  firom  aphanitic  to  medium- grained;  including  bands  of 
light-gray  quartz-sdiist,  the  mica  becoming  subordinate;  all  varieties 
having  a  background  of  quartz;  the  mica  wholly  biotite;  penetrated  by 
veins  and  masses  of  very  coarse,  pink  to  brick-red  biotite  granite;  total 
on  Bad  river,  4,960  feet.  Seen  further  east,  higher  layers,  2,500  feet; 
in  all 7.460 

Totali 12.800 


The  most  complete  section  of  the  Huronian  thus  far  obtained  is  in 
the  vicinity  of  Bad  river,  in  sections  2, 11  and  14,  T.  44,  R  3  W.,  where 
the  exposures  are  numerous,  though  even  here  quite  large  unfilled 
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blanks  remain.  All  but  the  highest  layers  in  the  series  are  represented 
in  the  Bad  river  section,  and  the  investigations  have  there  been  carried 
into  greater  detail.  In  the  following  pages,  therefore,  the  several  layers, 
which  are  taken  np  in  order,  beginning  with  the  oldest  or  southern- 
most, are  first  described  as  they  are  seen  in  the  Bad  river  section,  after 
which  they  are  traced  as  far  east  and  west  as  possible.  West  of  Bad 
river,  the  detailed  examination  of  the  lower  layers  of  the  iron- bearing 
series  was  undertaken  by  Mr.  C.  E.  Wright,  and  the  detailed  descriptions 
of  the  various  ledges  will  be  found  in  his  report  in  a  subsequent  part  of 
this  volume.  This  portion  of  the  series  having,  however,  been  exam- 
ined by  my  party  in  the  preliminary  reconnoissance  of  the  first  year  of 
the  survey,  I  have  given  tlie  prominent  facts  with  regard  to  each  of  the 
layers  in  their  western  extensions  for  the  purpose  of  comparison. 

In  referring  to  the  detailed  descriptions  of  the  following  pages,  the 
inquirer  is  requested  to  have  before  him  the  several  Atlas  Plates  ac- 
companying this  report.  These  maps  include,  besides  a  general  map 
of  the  district,  others,  on  a  large  scale,  giving  the  details  of  the  Huron- 
ian  series. 

Formation  I.    Crystalline  Limestone. 

This  rock,  a  tremolitic  crystalline  limestone,  forms  the  lower  layer  of 
the  Huronian  wherever  it  is  seen.  The  exposures  are  somewhat  distant 
from  one  another,  and  in  places  it  is  undoubtedly  absent,  the  underlying 
formation  coming  into  contact  with  the  higher  beds.  Nevertheless,  the 
limestone  appears  to  be  persistent  for  a  large  part  of  the  whole  length 
of  the  Huronian  belt  The  layer  is  always  a  thin  one,  probably  never 
exceeding  a  width  of  100  feet  or  a  thickness  of  90  feet. 

Oa  Bad  rivery  in  the  vicinity  of  Penokee  Gap,  northwest  quarter  of 
Sec  14,  T.  44,  R  3  W.,  the  limestone  forms  the  southern  wall  of  a 
narrow  gorge  through  which  the  river  flows  in  an  easterly  direction. 
More  exactly,  this  exposure  is  at  about  550  paces  ^  south  and  about  800 
east  of  the  northwest  corner  of  Sec.  14,  or  midway  between  stations 
122  and  123  of  Atlas  Plate  XXIII,  and  only  18  paces  north  of  the 
Lanrentian  gneiss  exi>osed  in  the  railway  c^tting  described  on  a  pre- 
vious page.  The  limestone  shows  along  the  river  for  a  distance  of 
about  75  feet,  and  has  a  width  across  the  strike,  which  is  about  6*  north 
of  east,  of  some  36  feet.  Since  the  opposite  wall  of  the  gorge  is  formed 
of  a  hard  quartzite,  it  appears  probable  that  the  whole  width  of  the 
river  should  be  added  to  the  above  figure.  Adding  also  half  the  dis- 
tance to  the  nearest  gneiss  exposure,  we  have  a  probable  total  horizontal 

*  2,000  paces  to  the  uiie.  s 
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width  of  about  75  feet,  which  corresponds,  with  a  dip  of  65',  to  a  thick- 
ness of  about  68  feet. 

As  exposed  at  this  place,  the  limestone  (14:21;  sp.  gr.,  2.82)  is  light 
bluish-gray,  and  finely  crystalline  to  aphanitic,  showing  numerous  exceed- 
ingly minute  glistening  particles  of  pyrite,  which  are,  in  places,  repre- 
sented by  ochreous  spots.  The  weathered  surface  is  a  dirty  brownish- 
white,  with  a  raspy  feel,  and  is  traversed  by  numerous  minute  furrows, 
due  to  the  dissolving  out  of  seams  of  calcitc.  A  partial  analysis  of  this 
rock  by  Mr.  E.  T.  Sweet  shows:  calcium  carbonate,  50.52;  magnesium 
carbonate,  3341;  iron,  1.19;  insoluble,  13.85;  undetermined,  1.03= 
100,  Of  the  undetermined  portion,  at  least  half  is  probably  sulphur 
belonging  to  the  pyrite  present  In  Mr.  Julien's  report.  Appendix  B, 
is  given  an  account  of  the  microscopic  characters  of  this  rock,  and 
no  further  description  is  needed  here.  It  should  be  said,  however,  that 
Mr.  Sweet's  analysis,  the  results  of  which  have  since  been  confirmed  by 
a  further  test,  prove  that  either  many  of  the  grains  are  those  of  dolo- 
mite, or  that  the  calcite  is  a  highly  magnesian  variety.  In  Fig.  1, 
Plate  XIII  A.,  I  have  given  a  sketch  of  a  section  of  this  rock  as  it  ap-  * 
peared  under  a  power  of  180  diameters.  The  drawing  serves  to  show 
the  main  features  of  the  rock,  viz.:  the  much  rounded  and  irregularly 
shaped  calcite;  the  isolated  blades  and  feathery  tufts  of  tremolite;  and 
the  particles  of  pyrite  surrounded  by  ochreous  matter  resulting  from 
their  decomposition. 

East  of  Bad  river.  The  limestone  is  generally  concealed,  eastward 
of  Bad  river,  beneath  the  detritus  at  the  foot  of  the  southern  slope  of 
the  Fenokee  Eange,  and  the  nature  of  the  rock  is  such  that  it  would 
naturally  only  be  exposed  where  eroded  into  a  cliff  side.  The  approxi- 
mate position  of  the  eastern  extension  of  this  rock  is  indicated  suffi- 
ciently on  Plates  XXIV  to  XXVI  of  the  Atlas. 

On  the  southwest  quarter  of  the  northwest  quarter  of  Sec.  11,  T.  44, 
IL  2  W.,  the  limestone  is  seen  in  one  or  two  quite  small  exposures 
(No.  29  of  Plate  XXIV),  in  the  immediate  vicinity  of  ledges  of  Lau- 
rentian  gneiss,  and  of  beds  II  and  III  of  the  Huronian.  As  seen  here 
(2,077)  it  is  white  to  straw-colored,  somewhat  arenaceous  and  highly 
schistose. 

On  the  northeast  quarter  of  Sec.  33,  T.  45,  R  1  W.,  a  low  cliff,  six 
feet  in  height,  of  the  limestone,  faces  westward  towards  the  valley  of 
Tyler's  Fork.  At  this  place  (2,087),  it  is  quite  impure,  very  dark  gray 
in  color,  aphanitic,  and  studded  thickly  with  very  minute  but  macro- 
scopically  distinct  and  quite  perfect  octahedral  crystals  of  magnetite. 

At  some  point  along  the  course  of  the  Huronian  belt  between  Tyler's 
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Fork,  Sec.  33,  T.  45,  R  1  W.,  and  Potato  river,  in  Sec.  19,  T.  45,  R  1 
E.,  the  limestone  and  overlying  quartzite  run  out;  for  at  the  passage  of 
the  latter  stream,  the  exact  contact  between  the  Laurentian  and  III  of 
the  Huronian  is  seen.  East  of  the  Potato,  however,  they  come  in 
again,  the  limestone  being  seen  as  a  dark  colored  impure  rock  in  con- 
tact with  a  light  gray,  medium-grained  granite  of  the  Laurentian,  in  the 
north  part  of  Sec.  15,  T.  45,  R  1  E. 

West  of  Bad  river.  Here  the  exposures  of  I  are  not  very  numer- 
ous, but  are  distributed  so  generally  along  the  course  of  the  Huronian 
belt  as  to  indicate  the  nearly  complete  continuity  of  the  layer. 

There  is  quite  a  large  ledge,  some  fifty  paces  in  diameter,  in  the  low 
ground  at  the  foot  of  the  south  slope  of  the  Penokee  Eange  in  the 
northern  part  of  Sec.  24,  T.  44,  E.  4  "W.,  where  the  rock  is  quite  simi- 
lar to  that  seen  at  Penokee  Gap. 

Through  the  rest  ol  T.  44,  R  4  W.,  the  whole  Huronian  series  is  con- 
cealed, and  in  the  vicinity  of  the  Maringouin  river,  sections  23  and  16, 
.  T.  44,  R  5  W.,  the  Laurentian  granite  and  III  of  the  Huronian  occur 
in  such  relative  positions  as  to  indicate  the  absence  of  the  limestone. 
Just  beyond,  however,  on  the  south  line  of  sections  15  and  16,  T.  44, 
E.  5  TV.,  ai*e  several  ledges  of  dolomitic  limestone,  those  on  Sec  14 
occurring  at  the  base  of  the  steep  southern  face  of  a  bold  ridge,  250  to 
300  feet  in  height. 

Further  west  no  indications  of  the  existence  of  this  layer  have  been 
obtained. 

Formation  II.    Arenaceous  Qnartzite. 

This  layer  is  also  a  thin  one,  never  exceeding  50  feet  in  thickness, 
and  has  been  traced  from  a  mile  or  two  west  of  Bad  river  to  a  point 
some  six  miles  east.  It  is  altogether  probable  that  it  extends  further 
in  both  directions,  but  in  T.  44,  R  6  W.,  where  I  is  present,  it  is 
directly  overlaid  by  III.  It  is  quite  possible,  however,  that  the 
limestone  in  the  western  extension  of  the  Huronian  belt  represents 
both  I  and  II  of  the  Bad  river  section. 

On  Bad  river.  At  Penokee  Gap,  southeast  quarter  of  the  northwest 
quarter  of  Sec.  14,  T.  44,  R  3  W.,  II  forms  the  north  wall  of  the 
gorge,  of  which  I  forms  the  south  wall,  as  already  described.  The 
exposure  has  a  width  of  42  feet,  and  length  along  the  strike  of  about  75 
feet,  and  forms  the  northern  abutment  of  the  bridge  by  which  the 
railroad  crosses  the  river.  A  few  steps  west  and  north  of  this  ledge, 
however,  at  the  base  of  a  bill  composed  of  III,  the  uppermost  part 
of  II  is  in  sight  in  contact  with  the  next  formation.     From  these 


Digitized  by 


Google 


THE  HURONIAN  SYSTEM.  109 

data  the  entire  width  of  II  is  placed  at  50  feet,  corresponding  to  a 
thickness  of  about  45  feet  As  seen  on  the  river  side  and  for  the 
greater  part  of  its  thickness,  II  is  a  pure  white,  non-schistose,  fine- 
gi-ained,  highly  granular  to  arenaceous  quartzite  (1422),  Over  much 
of  the  exposure,  dark  gray  blotches  reaching  two  inches  across,  and 
bounded  by  straight  lines,  give  a  peculiar  brecciated  appearance.  On 
close  inspection,  these  are  seen  to  consist,  like  the  rest  of  the  rock, 
chiefly  of  fine  granular  quartz,  but  now  mingled  with  a  small  quantity 
of  very  fine  magnetite. 

The  uppermost  portion  of  II,  as  seen  in  contact  with  III,  a  short 
distance  west  of  the  railroad  track,  and  just  on  the  north  edge  of  the 
wagon  road  (Atlas  Plate  XXIII),  has  a  marked  character  of  its  own, 
which  is  also  recognizable  for  as  much  as  a  mile  along  the  strike, 
and  is  therefore  marked  on  Plate  XXIII  as  a  separate  layer,  II  B. 
This  rock  (1,424;  sp.  gr.,  2.96)  has  a  dark  color,  mottled  with  oval- 
shaped,  white  blotches  up  to  one-fourth  and  even  one-half  inch  in  length. 
Dark-colored,  highly  glassy,  amygdaloid-like  spots,  one-tenth  to  one- 
twentieth  inch  in  diameter,  are  also  plentiful.  The  high  specific  grav- 
jty  and  dark  color  are  explained  by  the  very  large  amount  of  magnetite 
that  adheres  to  the  magnet  when  the  rock  is  quite  coarsely  powdered. 
Under  the  microscope,  the  magnetite  is  seen  to  be  the  chief  ingredient 
of  the  matrix,  in  which  it  lies  in  sharply  and  linearly  bounded  sections, 
which  are  often  perfectly  square.  With  it  is  fine  granular  quartz,  and 
minute,  greenish,  feebly-dichroitic  scales.  The  larger  oval  patches  are 
chiefly  aggregations  of  fine  quartz  grains,  whilst  the  glassy  quartz  patches 
referred  to  are  seen  to  be  single  individuals,  most  of  which  polarize 
brilliantly,  and  all  of  which  are  crowded  with  liquid  inclusions.  From 
the  relations  in  which  this  quartz  stands  to  the  other  ingredients  of 
the  rock,  it  is  evidently  much  the  most  recent  constituent. 

Both  II A  and  II B  are  well  exposed  at  several  other  points  in  the 
immediate  vicinity  of  Penokee  Gap,  of  which  the  following  are  the 
most  important:  (1)  About  100  steps  west  of  the  ledges  at  the  railroad, 
just  described,  and  between  stations  114  and  115  of  Atlas  Plate  XXIII, 
a  mass  of  11  A  projects  into  Bad  river,  immediately  at  the  comer  of  a 
sharp  bend,  the  rock  here  (1423)  having  the  same  characters  as  before 
described.  (2)  At  the  foot  of  a  cliflE  of  III,  forming  the  north  side 
of  a  ravine,  a  short  distance  west  of  station  95,  Plate  XXIII,  both  II A 
and  II  B  are  in  sight.  At  the  foot  of  the  cliff,  13  feet  of  II  A  are 
seen,  with  the  characters  already  described.  Next  above  it  are  16 
feet  of  II B,  the  lower  9  feet  of  which  is  dark  greenish-gray  (1,455)  to 
nearly  black,  having  a  high  specific  gravity  from  the  large  content  of 
magnetic  iron,  which  ingredient  is  plainly  visible  macroscopically  in 
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minute  lustrous  octahedral  crystals.  Under  the  microscope,  this  rock 
is  seen  to  be  the  same  as  that  near  the  gorge  of  Bad  river  (1424)  except 
that  it  is  very  much  richer  in  magnetite,  the  crystals  of  which  are, 
moreover,  much  more  perfectly  shaped  in  this  rock.  The  same  oval 
aggregations  of  quartz  grains,  single  quartz  patches,  and  greenish 
dichroitic  scales,  are  visible.  Fig.  2  of  Plate  XIII A  of  this  volume, 
shows  the  appearance  of  a  thin  section  of  this  rock  magnified  30 . 
diameters.  The  dusty  clouding  of  the  quartz  is  resolved  with  a  power 
of  200  to  500  diameters  into  distinct  cavities,  many  of  which  hold  a 
bubble.  The  remaining  7  feet  of  II A  grades  into  a  grayish  quartzite, 
and  this  into  the  thin  laminated  slaty  schist  III. 

Ea%t  of  Bad  river.  East  of  Penokee  Gap,  II  is  seen  at  several 
points  on  the  south  foot  of  the  ridge,  but  the  best  exposures  are  at 
Mt  Whittlesey,  in  the  extreme  northeast  corner  of  Sec  17,  and  north- 
west comer  of  Sec  16,  T.  44,  R  2  W.  Mt.  Whittlesey  is  a  spur  of 
slate  (III)  on  the  south  side  of  the  Penokee  Kange,  at  the  point  where 
the  latter  is  crossed  by  the  valley  of  a  small  creek. 

The  exposures  are  large,  both  towards  the  south  and  towards  the  west, 
on  the  side  of  the  valley  just  named,  II  showing  in  a  continuous 
vertical  wall  for  several  hundred  feet  The  whole  face  of  the  exposure 
presents  a  dirty  white  to  brown  (iron-stained)  color,  mottled  with  sharply 
angular  dark  gray  to  black  spots,  a  strikingly  brecciated  appearance  being 
thus  produced.  Dashes  and  lines  of  the  darker  color  also  occur,  conform- 
ing with  the  general  bedding  of  the  overlying  slate  On  closer  inspec- 
tion the  rock  here  (2,056, 2,057)  is  seen  to  be  a  very  fine-grained,  highly 
arenaceous  quartzite  or  sandstone,  often  so  friable  as  to  crumble  readily 
between  the  fingers.  Tlie  darker  colored  patches  are  made  up  chiefly 
of  the  same  material  as  the  rest  of  the  rock,  but  include  also  a  con- 
siderable quantity  of  very  fine  magnetite. 

Exactly  the  same  rock  (2,073)  shows  again  in  a  small  pledge,  near 
others  of  I  and  III,  and  of  Laurentian  gneiss,  on  the  southwest  quarter 
of  the  northwest  quarter  of  Sec.  11,  T.  44,  R  2  W.  (No.  28,  Atlas  Plate 
XXIV). 

We%t  of  Bad  river^  II  has  been  recognized  at  several  points  for 
some  two  miles  along  the  Penokee  Eange,  but  not  farther  west  The 
underlying  limestone  is,  however,  found  in  many  places  as  far  as  the 
west  line  of  the  district,  and,  being  of  greater  thickness  than  on  Bad 
river,  may  include  here  both  I  and  IL  On  Sec  16,  T.  44,  R  5  W., 
I  appears  to  bo  directly  overlaid  by  III. 
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Formation  III.    Siliceons  Slate  or  Schist. 

This  layer  is  one  of  the  best  marked  and  most  persistent  of  the  whole 
Huronian  series,  having  been  traced  the  entire  length  of  the  Huronian 
belt  At  the  western  end  of  the  Penokee  Eange  it  is  found  fonning  the 
base  of  the  southern  slope.  From  here  eastward  it  rises  higher  and  higher 
on  this  slope,  forming  frequent  bold  and  even  precipitous  exposures.  At 
Bad  river  it  reaches  nearly,  and  at  Mt.  Whittlesey,  Sec.  16,  T.  44,  R.  2  W., 
quite,  to  the  top  of  the  ridge.  Further  east  it  fonns  more  and  more  the 
bulk  of  the  range,  reaching  at  many  places  east  of  Tyler's  Fork  well  down 
the  northern  slope,  the  summit  here  lying  within  the  Laurentian  area. 
Even  the  isolated  ridges  of  T.  44,  R.  5  W.,  beyond  the  western  end  of  the 
Penokee  Eange,  form  no  exception  to  this  rule,  the  siliceous  schist  lying 
in  the  low  ground  to  the  southward.  The  cause  of  this  peculiar  change 
is  probably  to  be  found  in  the  fact  that  the  overlying  magnetic  belt  be- 
comes less  quartzitic  and  durable  towards  the  east,  the  slaty  layers  of 
III  at  the  same  time  undergoing  a  directly  opposite  change.  The 
most  frequent  exposures  are,  however,  in  the  western  portions  of  the 
belt,  where  the  rock  is  less  quartzose  and  resistant,  a  fact  explained  by 
the  durability  of  the  overlying  magnetic  belt. 

The  rocks  of  III  are  somewhat  various  in  composition  and  phys- 
ical properties,  and  yet  all  show  the  characteristic  highly  slaty  or 
schistose  structure  and  common  light  color  as  compared  with  all  other 
known  members  of  the  series.  The  most  important  varieties,  as  marked 
by  their  macroscopic  characters,  are  (1)  a  thinly  schistose  to  highly 
slaty,  light  gray  to  leaden  gray,  greasy-surfaced,  and  easily  scratched 
kind;  the  surface  often  showing  the  sheen  of  mica,  though  generally 
aplianitic,  and  weathering  to  a  light  straw-color;  (2)  a  kind  shading 
into  the  last,  but  often  distinctly  marked  from  it  by  a  lighter  or  darker 
greenish  tint,  greasier  surface  and  greater  softness;  (3)  a  much  harder, 
light  gray,  less  thinly  laminated,  and  more  distinctly  quartzose  kind, 
grading  in  one  direction  into  a  light  gray  vitreous  quartzite,  and  in  an- 
other into  the  rock  known  as  novaculite;  (4)  a  red,  shaly  to  slaty,  and 
more  distinctly  argillaceous  kind.  Between  these  types  tliere  are  all 
sorts  of  gradations,  and  different  kinds  are  frequently  inter-laminated. 
Microscopic  examinations  show  quartz  to  be  a  constant  constituent  of 
all  varieties,  though  in  some  of  the  more  highly  slaty  and  softer  kinds 
evidently  preponderated  over  by  the  other  ingredients.  In  no  section 
examined  has  any  amorphous  clay-like  base  been  noticed.  Mingled 
with  the  quartz  in  the  softer  kinds  is  more  or  less  feldspathic  material, 
and  brownish  mica  (biotite).  Many  of  these  softer  kinds  would  have 
been  taken,  not  long  since,  for  talcose  and  chloritic,  but  the  absence  of 
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talc  and  chlorite  in  many  cases  is  proved  not  only  by  the  microscope 
but  by  analysis.  The  following,  by  Prof.  W.  W.  Daniells,  shows  the 
composition  of  a  leaden-gray  to  light  greenish-gray,  soft  kind,  from 
the  railway  cutting  at  Penokee  Gap: 

Silica 71.97 

Alumina 19.21 

Iron  sesquioxide 4 .  65 

Potash 0.72 

Magnesia 0.97 

Lime 0.38 

Water : 0.76 

Total 98.66 


Talc  has  not  been  observed  in  any  of  the  thin  sections  examined.  A 
chloritic  ingredient  occurs  sparingly  in  some  of  the  greenish  kinds, 
though  others  more  deeply  tinted  and  not  examined  microscopically,  may 
contain  a  larger  amount.  In  most  varieties  all  traces  of  a  clastic  condition 
have  disappeared,  but  in  a  number  of  cases  rounded  grains  of  quartz 
are  studded  thickly  over  the  thin  section.  Magnetite  occurs  in  some 
sections  in  quite  perfect  octahedral  crystals,  but  as  a  whole  this  layer 
is  remarkable  for  the  absence  of  magnetite,  when  compared  with  the 
other  members  of  the  series.  From  the  overlying  magnetitic  schists  it 
is  generally  sharply  defined,  a  gradation  having  been  observed  at  one 
place  only. 

From  the  facts  thus  given  it  will  be  seen  that  all  the  varieties  of  rocks 
of  this  member  fall  under  the  two  classes  of  mica-schist,  and  quartzite. 
The  former  are  of  the  kind  called  by  Mr.  Ilawes,*  in  the  New  Hamp- 
shire reports,  "argillitic  mica-schist,"  to  which  they  are  allied  in  the 
absence  of  amorphoas  base,  the  abundance  of  quartz  and  fine  mica,  the 
presence  of  a  feldspathic  constituent,  and  of  chlorite  as  an  accessory,  as 
well  as  in  macroscopic  characters.  In  view,  however,  of  the  numerous 
gradation  varieties  that  exist,  and  of  the  very  evident  inclusion  of  all 
the  varieties  in  one  well-marked  formation,  it  has  seemed  best  to  retain 
tlie  more  general  term  of  siliceous  schist,  which  was  used  in  the  early 
reports  of  the  survey. 

The  horizontal  width  of  this  layer  at  the  passage  of  Bad  river,  Sec 
14,  T.  44,  R  3  W.,  is  450  feet,  which  indicates  a  thickness  of  about  410 
feet  The  corresponding  figures  for  other  prominent  points  at  which 
the  whole  width  is  in  sight,  are  as  follows:  at  Mt.  Whittlesey,  450  and 
400  feet;  at  the  passage  of  the  Potato  river.  Sec.  19,  T.  45,  R  1  E.,  475 
and  425  feet;  at  the  passage  of  the  Gogogashngun,  Sec.  21,  T.  46,  R  2  K, 

» See  Geology  of  New  Hampshire,  Part  IV.  p.  218. 
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317  and  290  feet;  in  the  north  part  of  Sec  24,  T.  44,  R.  4  W.,  600 
and  400  feet;  and  near  the  Maringouin  river,  Sec.  23,  T.  44,  E.  6  W., 
300  and  200  feet. 

On  Bad  river.  At  Penokee  Gap,  the  whole  width  of  III  is  in 
eight  on  the  west  side  of  the  fault,  smaller  exposnre^)  occumng  on  the 
east  side.  Immediately  -  north  of  the  magnetitic  qnartzite  II  B,  de- 
scribed on  a  previous  page  as  showing  just  west  of  the  railway  track, 
at  sUtion  123,  Atlas  Plate  XXIII,  rises  a  bold  knob,  140  feet  high, 
which  includes  the  whole  width  of  the  siliceous  schist,  the  contacts  with 
the  overlying  and  underlying  beds  being  in  sight  on  the  northern  and 
southern  slopes  of  the  hill,  respectively.  Through  the  eastern  point  of 
this  knob  passes  a  railroad  cutting,  and  the  rock  is  more  or  less  com- 
pletely exposed  all  over  the  hill.  Immediately  in  contact  with  II  B  it 
is  thinly  laminated,  with  wavy  and  contorted  layers,  weathering  to  a 
straw  color.  The  same  layers  are  opened  upon  in  the  railway  cutting, 
where  the  nnweathered  rock  is  seen  to  be  light  to  dark  grey  in  color, 
the  darker  colored,  frequently  greenish  kind,  alternating  in  very  thin 
seams  with  the  lighter  colored  and  more  distinctly  quartzose  kind.  In 
some  places  a  distinct  greenish  tint  is  visible,  and  nearly  all  parts  show 
something  of  a  sheen  from  the  mica  present.  Magnetic  iron  is  visible 
with  the  magnifier  on  the  edges  of  some  laminae,  and  in  the  thin  sec- 
tion is  seen  to  be  in  perfect  octahedra,  sparsely  scattered.  All  the  rock 
in  this  cutting  may  be  classed  readily  enough  with  the  argillitic  mica- 
schists,  the  variations  being  due  to  relative  amounts  of  quartz  and  mica, 
and  the  presence  or  absence  of  chlorite  (1425, 1426, 1427  and  31).  The 
lamination  throughout  is  very  distinct,  the  layers  running  from  a  few 
lines  to  three  or  four  inches  in  thickness.  The  dip  is  65*  to  66*.  An 
analysis  of  the  rock  from  this  cutting  (31)  is  given  on  the  foregoing  page. 
The  rest  of  the  hill  shows  essentially  the  same  rock,  except  that  near  the 
junction  with  the  overlying  quartzite  a  distinct  gradation  into  the  latter 
is  observable. 

Another  large  area  of  slate  is  shown  on  Atlas  Plate  XXIII,  occupy- 
ing the  square  between  stations  86,  87,  95  and  96.  Here  is  again  a 
hill  with  steep  faces  toward  the  south  and  east.  The  cliff  facing 
towards  the  south  shows  II  and  II A  at  base.  The  rock  here  (1457) 
dipping  54*  north,  is  a  dark  grey,  hard,  sharp- edged,  and  quite  quartz- 
ose kind,  in  layers  one  to  one  and  a  half  inches  in  thickness.  The 
sheen  of  finely  scaled  mica  is  evident  on  the  schist  planes.  The  rest 
of  the  rock  (1448,  35  paces  north  of  station  86;  1449  near  station  87; 
1450,  25  paces  east  of  87)  is  of  the  prevailing  thin-laminated,  straw 
colored  to  grey,  greasy-surfaced,  argillitic  mica-schist  type.  The  dip 
varies  from  54*  to  65*. 
Vol.  IlL— 8 
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On  the  east  side  of  the  river  and  fault  line  at  Penokee  Gap,  the 
upper  layers  of  III  are  exposed  in  the  ravine  between  stations  302 
and  301,  Plate  XXIII,  having  been  thrown  900  feet  south  from  the 
position  of  the  same  layers  on  the  west  side  of  the  fault,  near  station 
145.  The  decided  north-of-west  tendency  seen  in  the  strike  on  the 
east  side  of  the  fault,  and  the  south-of-west  tendency  on  the  west  side, 
are  worthy  of  notice. 

East  of  Bad  river.  Mt  Whittlesey,  at  the  comer  of  sections  8,  9, 
16,  17,  T.  44,  R  2  W.,  is  almost  wholly  made  up  of  III,  and  the 
exposures  are  large.  The  slate  inclines  due  northward,  at  an  angle  of 
from  56*  to  65*,  is  mostly  very  thin-laminated  and  much  contorted, 
assuming,  on  the  jagged  precipice  facing  south,  many  imitative  forms. 
Most  of  the  rock  (2053)  is  straw-colored  to  grey,  and  is  like  the  typ- 
ical argillitic  mica-schist  of  the  Penokee  section  (1425).  Some  of 
the  thicker  layers  approach  novaculite,  and  in  the  upper  portions 
north  of  the  knob  kno\vn  as  Mt  Whittlesey,  more  distinctly  quartz- 
ose  kinds  come  in  (2058,  2059,  from  exposure  No.  49,  Atlas  Plate 
XXIV).  These  are  light  grey,  and  schistose,  but  very  hard,  and 
under  the  microscope  are  seen  to  be  composed  of  quartz  grains  0.2 
mm.  in  diameter,  and  imbedded  in  a  fine  brownish-tinted  matrix, 
which  is  an  aggregate  of  quartz  grains.  Scales  of  biotite  0.02  mm. 
in  length  are  plentifully  scattered  through  the  matrix,  whose  brown 
color  is  due  to  their  presence.  The  quartz  grains  are  full  of  line- 
arly arranged  liquid-filled  cavities.  Immediately  south  of  the  sec- 
tion comer  a  large  northward-dipping  surface  shows  a  dark-colored 
kind  carrying  a  good  deal  of  magnetite.  The  interesting  relation  of 
the  east-and-west-striking  slates  of  Mt  Whittlesey,  to  the  northeast- 
striking  magnetitic  schists,  shown  in  the  creek  just  west,  is  made  suflS- 
ciently  plain  on  Atlas  Plate  XXIV.  The  bend  indicated  is  a  sharp 
one;  it  is  not  impossible  that  a  &inlt  may  exist  here,  though  the 
facts  do  not  demand  it  There  is  evidently  a  connection,  however,  be- 
tween the  position  of  the  gorge  which  here  passes  the  Penokee  Eange 
and  the  sudden  bend  in  the  strata,  just  as  there  is  such  a  connection 
between  the  fault  at  Penokee  Gap,  and  the  gorge  at  that  place. 

P^wsing  over  a  number  of  intervening  ledges  we  note  next  the  large 
exposures  at  the  passage  of  Carrie's  creek,  northeast  quarter  of  Sec.  11, 
T.  44,  R  2  W.  The  exposures  are  on  both  sides  of  the  creek,  those  on 
the' west  being  the  most  extensive.  Here  is  a  cliff  facing  east  towards 
the  creek,  and  another  facing  southward,  about  400  paces  south  of  the 
quarter-post  on  the  north  line  of  the  section.  The  usual  thin-laminated, 
contorted,  straw  to  grey-colored  rock,  is  everywhei'e  seen.  The  facts 
with  regard  to  strike  and  dip  are  sufficiently  well  given  on  the  map. 
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Very  large  exposures  of  III  are  found  again  on  the  side  of  the 
Penokee  Eange  in  the  northeast  quarter  of  the  southeast  quarter  of 
Sec  1,  T.  44,  R  2  W.,  and  extending  beyond  the  town  line  into  Sec. 
6,  T.  44,  R.  1  W.J  for  several  hundred  feet.  The  slate  rises  here  to  the 
very  summit  of  the  fidge,  and  shows  prevailing  the  thinJaminated 
contorted  kind,  as  at  Mt  Whittlesey.  At  the  top  of  the  cliff,  however, 
in  Sec.  6,  T.  44,  R  1 W.,  about  200  paces  south,  and  200  east  of  the  west 
quarter-post,  are  seen  a  number  of  layers  of  a  pink  to  brick-red  clay 
slate,  which  has  not  been  noticed  farther  west,  but  is  to  be  seen  at  a 
number  of  points  in  the  eastern  extension  of  the  belt.  This  rock 
(2083,  2084)  is  obtainable  in  large  flat  slabs,  and  is  the  most  completely 
slaty  of  any  noticed  in  this  formation.  Closely  examined  it  is  seen  to 
be  distinctly  quartzose,  though  readily  cut  by  the  knife,  and  studded 
with  minute  shining  points,  which  under  the  loupe  resolve  themselves 
into  very  perfect  octahedrons  of  magnetite.  Under  the  microscope 
tliese  are  seen  to  be  imbedded  in  a  cloudy,  white,  diflScultly  resolvable 
ground-mass,  which  is  wholly  crystalline,  and  appears  to  consist  chiefly 
of  quartz  and  feldspar.    • 

At  the  passage  of  Tyler's  Fork,  southeast  quarter  of  the  northeast 
quarter  of  Sec  33,  T.  45,  R  1 W.,  are  again  large  exposures  of  III, 
which  here  is  considerably  changed  in  character  as  compared  with 
the  more  western  exposures,  being,  as  a  whdle,  much  more  dis- 
tinctly quartzitic,  besides  including  a  considerable  portion  of  vitreous 
quartzite,  or  quartz-schist  Plate  XTV  of  this  volume  serves  to  show 
the  positions  and  extent  of  the  exposui'es  at  this  place.  The  total 
Mridth  is  about  330  feet,  which  corresponds  to  a  thickness  of  some  300 
feet,  the  whole  thickness  not  being  exposed.  The  southernmost  ledge 
in  sight  puts  into  the  river  at  a  point  150  paces  north  of  the  quarter-post 
on  the  east  line  of  Sec  33.  Here  the  following  section  was  measured, 
beginning  on  the  south: 

(1)  Four  feet  of  dark  grey,  aphanitic,  argillitic  mica-schist  (2091);  much  more  quartzose 

ihaxi  at  Penokee  (1425);  in  veiy  thin,  regular  layers  measuring  four-tenths  to  two 
inches;  dipping  northward  60". 

(2)  One  foot  of  same,  layers  thinner. 

(3)  One  foot  of  light  grey,  aphanitic,  quite  hard  and  sharp-edged,  micaceous  quartz- 

schist  (2092),  in  layers  measuring  three-tenths  to  five-tenths  inch. 

(4)  One  foot  reddish,  aphanitic,  fine-grained  rock  (2093),  exactly  sim'dar  to  that  on 

Sec.  6,  T.  44,  R.  1  W.  (2083,  2084),  the  surface  thickly  studded  with  veiy  mi- 
nute glistening  magnetite  octahedra;  inter- stratified  with  a  few  light  grey  layehi 
like  the  rest  of  the  rock,  and  showing  a  very  distinct  cross-lamination,  like  that 
of  an  ordinary  unaltered  sandstone. 

Just  above  on  the  west  side  of  the  river,  the  thin-laminated  light- 
grey  slate  includes  much  hard,  conchoidal-fracturing  novaculite  (2090). 
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Twenty-five  to  fifty  steps  farther  north,  broad  bands,  one  to  six  feet  in 
width,  of  a  hard,  brown-stained,  vitreous  quartzite  begin  to  appear. 
Further  north  all  of  the  slate,  though  still  distinctly  laminated,  be- 
comes more  quartzose,  and  the  quartzite  bands  increase  in  number  and 
width.  One  of  these,  forming  a  knob  at  250  paces  north  and  45  east  ol 
the  quarter-post,  is  15  feet  in  width,  and  bounded  above  and  below  by 
thin-laminated  light  grey  quartzitic  slate.  The  river  here  runs  for  sev- 
eral hundred  feet  through  a  narrow  gorge  in  this  slate,  following  the 
strike  in  a  S.  66°  "W.  direction.  On  each  side  of  the  gorge  the  slate 
exposures  rise  30  to  40  feet  from  the  water's  edge,  showing  a  very  dis- 
tinct lamination,  but  approaching  to  true  quartzite  in  character  (2095). 
Following  this  gorge  to  its  end,  at  160  paces  north  and  128  west  of  the 
quarter- post,  we  find  the  river  turning  at  right  angles  directly  across  the 
strike.  Following  this  new  direction  we  come  upon  higher  beds  in  the 
series,  and  find  that  the  rock  has  completely  changed  to  a  light  green- 
ish-grey, very  close-textured^  nearly  vitreous  and  much  jointed  quartzite 
(2109, 2110,  2094),  in  very  distinct  layers  one-half  inch  to  ten  inches  in 
width,  dipping  72*  to  75*  to  the  northward,  and  weathering  with  a 
brownish  surface.  The  same  character  continues  to  the  upper  edge  of 
the  formation.  The  falls  of  the  river  shown  on  Plate  XIV  are  over 
this  quartzitic  rock.  Just  north  of  the  first  fall  at  this  place,  the  junc- 
tion  of  III  and  IV  is  very  handsomely  shown,  the  vitreous  quart- 
zite (2111,  2112)  continuing  unaltered  to  the  very  junction. 

On  the  Potato  ri  ver,in  the  northeast  quarter  of  the  southeast  quarter  of 
Sec.  19,  T.  45,  R.  1  E.,  the  exposures  of  III  are  again  very  large  and 
interesting.  Following  the  river  down  from  the  southeast  corner  of 
Sec.  19,  we  find  numerous  exposures  of  the  Laurentian  chloritic  gneiss 
extending  to  a  point  about  225  paces  south  of  the  east  quarter-post  of 
the  section,  the  river  in  this  distance  flowing  nearly  along  the  section 
line.  At  this  point  the  gneiss  terminates  abruptly  against  III  of  the 
Huronian.  The  junction  between  the  two  formations  is  beautifully 
shown  on  a  clifE  rising  some  75  feet  from  the  river.  From  here  the 
river  runs  northwestward  nearly  across  the  strike  of  the  slate,  which 
continues  to  show  for  its  whole  width  in  a  clifE  a  short  distance  back 
from  the  water's  edge.  All  of  the  phases  already  described  as  belong- 
ing to  III  are  here  displayed,  much  of  the  rock  showing  a  very 
slaty  character,  large  flat  slabs  detaching  readily  from  the  cliff  side. 
On  the  north  the  formation  is  also  abruptly  terminated  by  IV, 
the  junction  being  plainly  in  sight.  The  whole  width  exposed  is  about 
475  feet,  making  a  thickness  of  about  426  feet.  The  dip  is  68*  to 
the  north,  the  strike  N.  70*  E. 

On  the  Gogogashugun  river,  Sec  27,  T.  46,  E.  2  E.,  the  whole  width 
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of  III  18  again  in  sight,  the  contact  witli  the  Laurentian  and  over-- 
lying  No.  IV,  both  being  visible.  Prof^sors  T.  C.  Chamberlin  and 
A.  D.  Conover  made  a  detailed  examination  of  this  place  in  1877. 
From  the  notes  of  the  former  I  take  the  following  with  regard  to  the 
formation  at  present  under  discussion:  '*The  siliceous  schists  are 
highly  laminated  in  some  portions,  while  in  others  beds  from  3  to  12 
inches  in  thickness  are  observable.  In  color  they  range  from  grey  to 
purple.  The  latter  are  usually  clay-like  in  texture,  and  in  some  cases 
apparent  pipestone.  The  layers  of  this  class  are  interleaved  with  the 
more  quartzose  kinds.  Mica-like  scales  are  common  in  some  portions, 
also  iron  pyrites,  often  in  perfect  cubes  of  small  size.  The  schists  are 
fine-grained,  close  and  compact,  rarely  showing  any  distinct  granular 
texture.  The  dip  ranges  from  45"  to  73*,  strike  K  56*  E.  Some  of 
the  layers  are  somewhat  undulating,  and  some  thicken  and  thin  per* 
ceptibly.  At  some  points,  especially  toward  the  upper  portions,  the 
layers  become  somewhat  ferruginous.  When  fully  exposed  they  seem 
to  resist  the  action  of  the  elements  well,  but  under  moss  and  shallow 
earth  are  more  decomposed,  though  not  markedly  so.  The  resistance 
of  the  schists  causes  the  cascade.  The  stream,  in  passing  the  barrier, 
follows  the  strike  for  several  rods  in  a  narrow  trough,  when  it  divides. 
One  branch,  turning  abruptly  across  the  beds  a  few  feet  and  then  re- 
turning along  the  strike  a  short  distance,  again  turns  across  the  beds 
and  follows  a  narrow  channel  entirely  across  the  schist.  The  main 
branch  keeps  on  along  the  strike  for  a  short  distance  beyond  the  point 
of  division,  and  then  turns  at  right  angles,  and  plunges  down  a  narrow 
channel  across  the  beds  until  it  is  joined  by  the  smaller  branch  some 
distance  below.  The  whole  width  of  the  siliceous  schist  is  317  feet" 
From  the  foregoing  description  it  is  evident  that  the  formation  here 
shows  its  usual  characters,  and  this  conclusion  is  borne  out  by  a  close 
examination  of  the  specimens  collected  (2211). 

West  of  Bad  river.  West  of  Penokee  Gap,  exposures  of  the  slate 
are  almost  constantly  in  sight,  the  characters  being  in  general  the  same 
as  already  described.  Specimens  collected  indicate  that  chlorite  is  some- 
what more  frequently  present,  but  that  the  I'ock  is,  in  general,  essen- 
tially the  same  as  in  the  more  eastern  portions.  The  following  are  the 
localities  of  some  of  the  most  prominent  exposures:  northwest  quarter 
of  the  northwest  quarter  of  Sec.  15,  T.  44,  R.  3  W.,  six  rods  south  of  the 
section  comer,  a  very  heavy  exposure;  northeast  quarter  of  the  north- 
east quarter  of  Sec.  17,  T.  44,  R  3  W.,  a  large  ledge  some  100  paces  long 
and  20  to  30  in  width,  overlaid  by  a  large  mass  of  quartzite,  the  whole 
dipping  northward  at  a  considerably  lower  angle  than  usual;  south  line 
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of  Sec.  18,  T.  44,  E.  3  W.,  abont  700  paces  west  of  the  southeast  cor- 
ner,  near  the  foot  of  the  south  face  of  the  Penokee  Eange;  Sec  19,  T. 
44,  R  3  W.,  near  the  west  line  of  the  northwest  quarter  of  the  section; 
northwest  quarter  of  Sec  24,  T.  44^  R  4W.;  northeast  quarter  of 
Sec  23,  T.  44,  R  5  W.,  at  the  foot  of  a  high  bluff;  and  in  a  similar 
position  on  the  south  line  of  Sec  16,  T.  44,  R  5  W.  -Details  with  re- 
gard to  these  ledges  and  others  will  be  found  in  Mr.  Wright's  report. 

Formatioii  IT.    The  Magnetie  Belt. 

This  belt  of  rocks  constitutes  the  most  marked  and  continuous  of 
the  whole  Huronian  series,  having  been  traced  from  the  Michigan 
boundary  westward  to  its  final  disappearance  near  Lake  Knmakagon, 
in  T.  44,  R  6  W.,  a  distance  of  about  fifty  miles.  TTie  constant  expos- 
ures along  much  of  the  belt,  with  the  magnetic  observations  made,  have 
rendered  this  tracing  possible.  Quite  a  variety  of  rocks  are  here  classed 
together,  because  the  subordinate  layers  recognized  at  one  place  are  not 
found  in  another.  The  way  in  which  these  layers  give  place  to  one 
another,  the  common  quartzose  character  of  the  whole,  and  the  general 
impregnation  with  the  magnetic  and  specular  oxides  of  iron,  which  at 
times  pervade  the  whole  thickness,  though  at  others  restricted  to  a  nar- 
row part,  show  that  all  should  be  regarded  as  parts  of  one  great  division 
of  the  series.  The  propriety  of  this  is  further  indicated  by  the  sharp 
definition  of  the  whole  belt  on  the  south,  and,  less  evidently  however, 
on  the  north  also. 

The  following  is  a  brief  summary  of  the  different  kinds  of  rocks  ob- 
served in  this  formation,  the  order  being  that  of  relative  abundance: 
(a)  landed  magnetUic  quartzite —  gray  to  red  quartzite  free  from  or  lean 
in  iron  oxides,  banded  with  seams  from  a  fraction  of  an  inch  to  several 
inches  in  width  of  pure,  black,  granular  magnetite,  which  is  only  rarely 
mingled  with  the  specular  oxide;  (b)  magnetitic  quartzite — the  mag- 
netite in  varying  proportions,  pretty  well  scattered  throughout,  and 
mingled  with  specular  oxide  in  proportions  varying  from  nothing  to  a 
predominating  quantity;  (c)  magnetUic  quartz-slate  —  in  layers  two  to 
four  inches  thick,  with  inferior  lamination  well  marked,  though  with- 
out corresponding  cleavage  -^highly  jointed,  the  fragments  sharp-edged 
and  hard,  the  magnetite  pervading  the  whole  mass  and  associated  with 
a  varying  quantity  of  specular  oxide,  as  before;  (d)  slate^  like  (c)^  but 
largely  charged  with  actinolite  or  tremolite;  (e)  arenaceous  to  compact 
and  flaky  quartzitCy  free,  or  nearly  so,  from  the  oxides  of  iron ;  (/)  thin- 
laminated^  soft^  black  magnetUic  slate;  (q)  hematUio  quartzite^  the 
iron  oxide  the  red  oxide;  (h)  qametiferous  actinolUe-^chisty  or  ecloqite- 
schist  J  often  almost  entirely  free  from  magnetite;  and  (i)  diorUcy  this 
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being  restricted  to  the  western  end  of  the  Huronian  bolt  in  T.  44,  R  5 
W.,  and  R  6  W.,  where,  however,  it  occurs  in  heavy  bands. 

The  iron  oxides  impregnate  some  of  these  bands  at  times  in  such 
quantity  that  they  become  iron  ores.  The  economic  value  of  these 
schists  as  ores  is  treated  of  on  a  subsequent  page. 

The  whole  width  of  IV  is  not  far  from  850  feet,  where  affected 
by  the  prevailing  high  northern  dip,  corresponding  to  a  thickness  of 
750  to  800  feet  lu  the  western  portion  of  the  belt,  where  the  dip  is 
generally  less,  this  width,  of  course,  increases ;  and  in  sections  16  and  14, 
T.  44,  R  5  W.,  intercalated  bands  of  diorite  appear  to  increase  consid- 
erably  the  actual  thickness. 

On  Bad  river,  at  Penokee  Gap,  and  in  the  immediate  vicinity,  nearly 

tfie  whole  thickness  of  IV  is  in  sight;  bold  cliffs  of  magnetic  schist 

rising  from  either  side  of  the  gap  through  which  the  river  passes  (Atlas 

Plate  XXIII).    The  following  subdivisions  of  this  formation  are  plainly 

visible  here,  beginning  with  the  lowest  or  southernmost: 

Feel.   Feet. 

IVA.  Quartzite,  width ^ 

lY  B.  Magnetite-schists,  including  — 

(1)' Banded magnetitic  qnaxtzite • 20  .... 

(2)  Slaty  qnartzose  and  actinolitic  or  tremolitic  magnetite-schists. . .      200  .... 

(3)  Banded  magnetic  quartzite 580  .... 

Total  width  of  IV  B ^00 

IV C.  Gametiferous  actinolite-schist  or  eclogite-schist 10 

Total '•••••      ^ 

These  divisions  are  taken  up  in  order  in  what  follows,  the  exposures 
of  each  division  as  they  are  seen  on  the  west  side  of  the  fault  line  being 
first  noted,  and  afterwards  those  on  the  east  side.  For  a  full  under- 
standing of  these  details,  reference  must  be  constantly  made  to  the  large 
map  of  the  vicinity  of  Penokee  Gap,  Atlas  Plate  XXIII. 

The  quartzite  IV  A  shows  on  the  west  bank  of  Bad  river,  a  short  dis- 
tance south  of  station  145,  where  it  is  seen  in  contact  with  (1)  of  IV  B. 
It  is  seen  again  on  the  north  slope  of  the  hill  of  III,  previously 
described,  40  paces  south  and  50  east  of  station  142.  The  rock  here 
(1,500)  is  fine-grained,  highly  arenaceous,  yellowish  to  gray,  entirely 
without  magnetic  or  specular  iron,  and  traversed  by  numerous  white 
quartz  veins.  Nearly  the  whole  width  is  in  sight.  Another  exposure 
is  just  south  of  station  97,  at  the  foot  of  a  steep  clifE  of  magnetite- 
scliist;  29  feet  of  the  upper  part  is  in  sight,  and  the  rock  (1,458)  closely 

'  The  separations  between  these  divisions  of  IV  B  are  indicated  on  the  map  by  white 
lines  in  the  brown. 
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similar  to  that  already  described.  FnrtHer  west,  along  tlie  same  ravine 
side  and  near  station  88,  it  is  seen  again,  presenting  now  a  somewhat 
different  appearance  (1,451),  since  tbe  arenaceous  texture,  is  lost,  and 
minute,  lustrous  octahedra  of  magnetite  occur  sparsely  scattered*  East 
of  the  fault-line  IV  A,  having  been  carried  800  feet  southward,  appears 
in  several  places  at  the  foot  of  the  cli&  on  the  north  side  of  the  ravine 
near  station  301,  with  the  same  characters  as  before  (1,403). 

The  lower  banded  magnetitic  quartzite,  IV  B  (1)  is  in  sight  on 
the  bank  of  Bad  river,  near  station  145,  in  nearly  its  full  width  of  20 
feet  The  rock  here  is  a  dark  gray  quartzite,  with  some  ferruginous 
matter  throughout,  and  banded  with  seams  and  gashes  of  lustrous, 
black,  highly  granular,  pure  magnetite,  which  run  from  one  to  four 
inches  in  width,  and  conform  with  the  bedding.  A  sample  from  one 
of  these  seams,  collected  in  1873,  yielded  68.04  per  cent,  of  metallic 
iron.  On  the  weathered  surface  near  the  watei^s  edge,  the  contrast 
between  the  white*weathered  quartzite  and  the  jet-black  magnetite  is 
striking.  The  cliffs  already  described  as  showing  IV  A,  near  stations 
88  and  97,  show  also,  immediately  overlying  it,  the  layer  at  present 
under  discussion. 

The  slaty  magnetite- schists,  IV  B  (2),  ai*e  best  seen  on  the  cliff- 
Kide  just  north  of  station  102,  where  some  90  to  100  feet  of  the  upper 
portions  are  laid  bare.  The  cliff  here  faces  both  east  towards  the  river, 
and  south  towards  a  branch  ravine,  and  is  from  20  to  40  feet  in  height 

Fia.  1. 
fl*  -^ 


SmtA 


1  T! 


Sicnoir  OF  wxst  cuff,  Pimokii  Oaf. 


Fig.  1  illustrates  a  measured  section  made  here  in  1873,  of  which 
the  following  are  the  details,  beginning  at  the  edge  of  the  ravine  on 
the  scntli: 
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I.  Tremolitic  magnetite-schist;  slaty,  highly  jointed;  coming  out  in  sharp- 
edged  lozenge-shaped  fragments;  the  non-separahle  laminse,  from  a 
line  to  an  inch  in  thickness,  strongly  marked  from  each  other  by  lighter 
and  darker  shading,  the  lighter  bands  being  the  more  quartzose;  on 
the  darker  laminsB  a  pale  metallic  lustre;  stzeak,  light  gray  to  nearly 
Uack  or  purphsh-bhu^;  containing,  ajB  shown  by  samples  from  across 
the  whole  tiiickness,  the  following  ingredients:  iron  sesquioxide, 
42.90;  iron  protoxide,  19.17;  silica,  31.84;  alumina,  0.38;  lime,  1.37; 
magnesia,  1.29;  manganese  oxide,  1.13;  phosphoric  acid,  none;  sul- 
phur, none;  water,  0.38=98.46;  magnetic  oxide,  50.67;  specular 
oxide,  11.40;  metallic  iron,  44.94 — a  composition  which,  taken  to- 
gether with  microscopic  observations,  indicates  the  following  mineral 
ingredients,  named  in  order  of  relative  abundance:  magnetite,  quartz, 
hematite,  tremolite,  pyrolusite;  specimens  attractable  by  the  magnet 

in  coarse  fragments,  often  showing  polarity;  thickness 19    . . 

II.    Dark  gray  quartz-schist,  containing  23.38  per  cent  magnetite,  and  no 

specular  iron;  thickness 7      6 

III.  Magnetite-schist,  similar  to  I,  sample  from  across  whole  width  contain- 
ing: metallic  iron,  49.4;  silica,  27.0;  phosphorus,  none;  thickness.. .    18    . . 

lY.    Gray  quartz-schist,  nearly  free  from  iron;  thickness 6 

v.  Magnetite-schist,  like  I  and  III,  but  lighter  gray  in  color,  and  less  finely 
laminated,  the  sample,  taken  as  before,  yielding:  iron  sesquioxide, 
34.77;  iron  protoxide,  15.82;  silica,  42.90;  alumina,  none;  lime,  1 .33; 
magnesia,  2.62;  manganese  oxide,  1.73;  phosphoric  acid,  none;  sul- 
phur, trace;  water,  0.47=99.74;  magnetic  oxide,  50.59;  specular 
oxide,  none;  metallic  iron,  36.64 — a  composition  which  indicates  the 
same  mineral  ingredients  as  in  I,  except  that  the  quartz  predominates 

fmd  the  hematite  is  wanting;  thickness 10    . . 

VI.  Magnetite-schist,  like  I  and  III;  composition,  as  shown  by  analysis  of 
sample  taken  from  all  across  the  bed,  some  30  feet  above  the  base  of 
the  diff:  iron  sesquioxide,  43.89;  iron  protoxide,  19.48;  silica,  30.73; 
alumina,  none;  lime,  1.91;  magnesia,  1.63;  manganese  oxide,  0-87; 
phosphoric  acid,  0  02;  sulphur,  none;  water,  0.55=G9.08;  metallic 
iron,  45.87;  magnetic  oxide,  62.75;  specular  oxide,  0.61;  and  by 
analysis  of  another  similar  sample  from  near  the  foot  of  the  cliff: 
metaUic  Iron,  44.03;  silica,  34.06;  all  of  which  indicates  the  same 
composition  as  in  I,  except  that  the  hematite  is  quite  subordinate, 
and  a  small  quantity  of  apatite  is  added.  Tracing  this  bed  down 
the  hill-side  a  distance  of  some  20  feet  vertically,  and  about  10 
feet  below  the  upper  surface,  a  lenticular  mass  of  bright-lustred  specu- 
lar iron  is  met  vrith,  having  a  maximum  width  of  about  4}^  feet,  and 
length  in  sight  of  about  20  feet  This  yielded  on  analysis:  iron  ses- 
quioxide, 49.16;  iron  protoxide,  9.07;  magnetic  oxide,  29.23;  specular 
oxide,  29.00;  metallic  iron,  41.46;  thickness 36    .. 

Total  91      0 


The  upper  snrface  of  VI  of  the  above  section  joins  the  upper  banded 
schists  IV  B  (3). 
The  lower  portions  of  these  beds  are  seen  in  the  vicinity  of  stations 
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97  and  98  and  northward  from  thenu  The  exposures  are,  however,  not 
nearly  so  large  as  those  just  described.  The  characters  are  just  such 
as  shown  by  the  preceding  detailed  section.  Near  station  88,  the 
specimen  (1,452)  described  by  Mr.  Julien  in  Appendix  B,  was  taken 
from  a  slaty  variety. 

East  of  the  fault  line,  this  division  of  IV  is  pushed  far  to  the 
southward,  and  not  so  largely  exposed  as  the  overlying  beds.  A  nam- 
ber  of  exposures  are,  however,  to  be  seen  on  the  north  side  of  the 
ravine  near  station  301  and  east  from  there,  with  characters  just  like 
those  of  the  ledges  on  the  west  side  of  the  fault. 

The  upper  banded  magnetitic  schists,  IV  B  (3),  constitute  the 
greater  part  of  Formation  IV,  as  seen  at  Penokee  Gap.  It  is  possible 
that  some  bands  of  the  more  slaty  kind  occur  in  this  division,  in  the 
vicinity,  but,  if  so,  they  are  of  inconsiderable  thickness.  The  expos- 
ures of  this  division  are  large  on  both  sides  of  the  fault,  and  especially 
so  on  the  west,  where  they  make  up  much  of  the  west  cliff  of  the  Gap. 
Tlie  section  above  given  of  the  preceding  or  slaty  division  ends  in  con- 
tact  with  the  banded  rock  some  twenty  paces  south  of  station  101, 
Atlas  Plate  XXIII,  and  from  here  large  exposures  of  the  latter  rock 
continue  northward,  forming  the  bald  cliff  so  noticeable  from  the 
railroad  track  below.  As  seen  here,  this  division  of  IV  is  similar 
to  IV  B  (1),  already  briefly  described,  the  mass  of  the  rock  consisting 
Pj^  2.  ^^  *  ^^^^  S^y  ^  ^^  *^^  jasper-like 

qnartzite,  only  slightly  ferruginous,  with 
seams  of  lustrous,  black,  and  rich  mag- 
netite, one-eighth  inch  to  three  and  four 
inches  in  width.     These  seams  have  a 
I  general  direction  with  the  bedding  of  the 
;  rock,  but  are  quite  irregular,  expanding, 
J  contracting,  and  even  terminating  sud- 
denly.   Not  unfrequently  branches  start 
^  off  across  the  bedding,  returning  to  their 
I  former  directions  at  some  inches  to  the 
^^^^;»^y^\  right  or  left.    Traced  along  the  dip,  the 
^WN^^^^  seams  soon  die  out,  being  succeeded  by 
Yvi/?^^  others,  overlapping  on  one  or  other  side. 
bavdbd  xaonititio  QUABwiin.       On  a  fresh  fracture,  or  on  a  surface  newly 
Psxoui  gaf.  stripped  of  soil,  these  seams  do  not  pre- 

sent any  marked  contrast  with  the  surrounding  rock,  but  on  the  exposed 
surfaces,  often  smoothed  by  glacial  action,  the  quartz-rock  is  weathered 
to  a  light  gray,  and  contrasts  finely  with  the  black  magnetite  bands. 
Fig.  2  is  a  sketch  of  an  area  4X5  feet,  on  the  surface  of  the  bald  cliff 
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alluded  to  above,  and  serves  well  to  indicate  the  general  character  of 
this  rock. 

On  the  top  of  the  same  cliff,  another  small  area  was  measured;  the 
foUowinff  are  the  details: 

°  Inches. 

1.  Daxk-gray  to  reddish  qaartzite,  with  numerous  very  thin  and  irregular  scams  of 

magnetite,  none  of  which  exceed  a  thickness  of  one-eighth  inch 25 

2.  Begolar  seam  of  pure,  fine-grained,  black  magnetite,  without  appearance  of 

specular  oxide;  strongly  jointed,  containing  62.21  per  cent  of  iron 2 

3.  Likel 80 

4.  like  1,  but  the  magnetite  seams  much  more  persistent  and  regular 26 

A  sample  taten  from  all  across  the  face,  including  both  magnetite 
seams  and  inclosing  rosk,  yieldsd  nearly  40  per  cent,  of  metallic  iron, 
while  the  rock  picked  free  from  the  iron  seams  yielded  19.2  per  cent. 
Both  of  these  figures  are  probably  10  per  cent  or  more  too  high  for  the 
general  mn  of  tlie  rock. 

A  number  of  other  exposures  of  this  division  occur  on  the  west  side 
of  the  fault,  showing  essentially  the  same  characters  as  those  described. 
On  the  east  side  of  the  fault  are  also  large  ledges,  the  most  prominent 
rising  directly  from  the  edge  of  Bad  river,  and  tilling  most  of  the  tri- 
angular area  lying  between  stations  125,  151  and  152,  Atlas  Plate 
XXTIL  As  here  seen  the  rock  is  essentially  the  same  as  on  the  west 
side  of  the  fault,- though,  on  the  whole,  probably  less  ferruginous.  It 
should  be  remembered  always,  tliat,  having  been  thrown  vertically  for 
a  distance  of  some  1,700  feet,  the  layers  on  the  east  side  represent  the 
condition  of  those  on  the  west  side  in  depth. 

The  uppermost  member  of  FV  as  seen  at  Penokee  Gap,  the  garnetif- 
erous  actinolite-schist,  is  narrow,  having  a  total  thickness  of  not  more 
than  10  feet.  It  occurs,  however,  on  both  sides  of  the  fault,  and,  from 
its  peculiar  characters,  aids  greatly  in  determining  the  exj^ct  amount  of 
dislocation.  On  the  eastern  side  of  the  fault  it  forms  a  steep  slope  some 
10  to  20  feet  high  all  along  the  north  side  of  the  Penokee  Range  be- 
tween stations  32  and  36,  a  distance  of  four  hundred  paces,  for  most  of 
which  it  is  exposed.  As  seen  here  this  rock  (1,404,  near  station  32: 
1,444, 1,445,  at  station  33)  is  a  dark  gray  to  nearly  black,  fine-grained 
to  aphanitic  schist,  with  a  very  much  iron-stained  surface,  and  shows 
layers  marked  by  darker  and  lighter  grays.  The  lighter  layers  are 
coarser  than  the  rest,  and  in  them  can  be  seen  with  the  loupe  thickly 
crowded,  minute,  garnet-like  crystals.  Under  the  microscope  the  sec- 
tion shows  an  exceedingly  fine,  greenish  ground-mass  of  radiating 
actinolite,  scattered  through  which  are  pretty  frequent  irregular  pieces 
of  magnetite,  to  which  the  dark  color  of  the  rock  is  evidently  in  part 
due.    For  satisfactory  resolution  of  the  actinolitic  ground-mass  a  power 
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of  over  100  diameters  is  requisite.  In  the  darker  layers  the  garnets  are 
sparse  or  wanting,  while  in  the  others  they  are  crowded  together  so  as 
almost  to  exclude  the  matrix.  The  garnets  run  from  0.05  to  0.8  mm. 
in  diameter,  and  are  much  fissured,  though  but  little  decomposed,  re- 
maining for  the  most  part  dark  between  the  crossed  nicols.  Dashes  of 
bright  color  are,  however,  seen,  which  may  be  actinolite  needles,  also  small 
areas  of  color  adjacent  to  the  fissures,  which  belong  to  some  decomposi- 
tion product.  Magnetite  is  also  included  in  some  of  the  larger  garnets. 
On  the  east  side  of  the  fault  this  bed  is  again  seen,  the  exposures  oc- 
curring on  the  bank  just  east  of  the  railroad  track,  and  some  thirty 
paces  south  of  station  150,  The  layers  seen  here  are  mostly  higher 
than  those  exposed  on  the  west  side  of  the  fault,  and  somewhat  differ- 
ent in  character.  The  extreme  southern  end  of  the  exposure  shows, 
however,  precisely  the  same  rock  as  seen  at  stations  32,  33,  etc.  North- 
ward from  here  the  rock  grows  coarser  in  grain,  the  garnets  bo- 
coming  rarer.  Under  the  microscope  this  variety  (1,502)  shows  beauti- 
fully radiating  tufts  of  actinolite,  much  coarser  than  before,  the  spaces 
between  the  tufts  being  often  filled  with  a  brownish  ochreous  matter. 
The  garnets  are  rare,  and  are  at  times  pierced  entirely  through  by 
needles  of  actinolite.  Still  higher  in  the  layers  the  grain  of  the  rook 
becomes  yet  coarser,  the  actinolite  being  now  distinctly  perceptible  to 
the  unaided  eye,  while  the  garnets  are  still  rarer  (1,501).  Figs.  1  and 
2  of  Plate  XIII  B,  show  the  appearance  under  the  microscope  of  thin 
sections  of  this  rock,  the  former  being  from  a  specimen  (1,404)  taken 
near  station  32,  the  latter  from  one  (1,502)  taken  35  paces  south  and 
20  east  of  station  150.  At  30  paces  south  and  20  east  of  station  150, 
Formation  No.  V,  a  black  slate,  is  seen  in  contact  with  IV  C. 


East  of  Bad  river. 
Fio.  a. 


Sanded 


8«ctioii  on  N.  B.  Qr.  Sec.  14,  T.  44,  R.  8  W. 


The  course  of  the  magnetic  belt  is  slightly 
north  of  east  through  the  northeast 
quarter  of  Sec  14,  a  number  of 
ledges  of  magnetitic  schist  showing 
on  the  north  side  of  the  stream  which 
flows  westward  through  the  southern 
part  of  the  quarter-section.  About 
600  paces  west  and  600  south  (esti- 
mated) from  the  northeast  comer  of 
Sec  14,  the  section  of  Fig.  3  was 
observed  on  the  north  side  of  the  ra- 
vine through  which  flows  the  stream 
just  mentioned  Tlie  slaty  layers  of 
the  lower  part  of  this  figure  are 
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richer  in  iron  than  usual.  A  sample  taken  from  a  thickness  of  5  feet 
yielded  on  analysis:  iron  sesquioxide,  67.06;  iron  protoxide,  8.38; 
silica,  18.47;  alumina,  6.30;  lime,  2.48;  magnesia,  2.28;  manganese, 
oxide,  1.05;  phosphoric  acid,  0.13;  water,  0.45=100.60;  magnetic  ox- 
ide, 27.00;  specular  oxide,  48.44.  About  forty  rods  east  of  this  point 
on  the  same  hillside,  another  sample,  representing  a  thickness  of  10  feet, 
of  about  the  same  horizon,  yielded  44.43  per  cent  of  iron. 

On  the  east  line  of  Sec.  14,  judging  from  the  magnetic  observations, 
the  northern  line  of  IV  is  about  200  paces  south  of  the  comer. 

In  Sec  13,  after  continuing  a  short  distance  in  the  direction  just 
named,  the  belt  seems  to  curve  gently  to  south  of  east,  the  northern 
border  crossing  the  east  line  of  Sec.  13  at  300  paces  south  of  the  soutli  • 
east  comer.  In  this  section  exposures  are  almost  continuous  along  the 
crest  of  the  Penokee  Kange,  and  the  summit  of  its  northern  slope.  At 
the  time  of  my  last  visit,  1877,  quite  a  little  test-pitting  had  been  done 
on  the  northwest  quarter  of  this  section.  The  principal  work  was  at  a 
point  some  840  paces  east  and  350  south  of  the  northwest  section  cor- 
ner. The  rock  exposed  here  is  of  the  banded  variety,  is  largely  charged 
with  reddish  jasper,  and  highly  polished  by  glacial  action.  The  ore- 
streaks  are  broader  than  usual,  reaching  one  and  a  half  feet,  and  are 
chi^y  of  the  specular  oxide,  some  yielding  a  very  rich  steely  specular 
ore  (2,045),  which  is,  however,  magnetic,  and  yields  a  purplish  powder. 
We  have  here  evidently  a  continuation  of  the  upper  banded  magnetitic 
schists  of  the  Penokee  Gap  section. 

On  the  northeast  quarter  of  Sec.  13,  a  mural  exposure,  chiefly  of  the 
slaty  kind,  was  noticed  near  the  top  of  the  southern  slope.  A  sample 
from  the  best  consecutive  40  inches  yielded  46.26  per  cent  of  metallic 
iron.  Twenty  feet  higher  in  the  layers  the  banded  schist  was  in  sight, 
with  quite  numerous  seams  of  rich  specular  ore.  The  best  5  feet  con- 
tained upwards  of  45  per  cent  of  iron. 

In  Sec  18,  T.  44,  E.  2  W.,  the  magnetic  belt  curves  again  to  north 
of  east,  its  northern  border  passing  out  near  the  northeast  comer  of  the 
section.  The  Penokee  Eange  here  is  quite  narrow  and  steep-sided,  and 
a  number  of  low  mural  exposures  occur  at  the  top  of  the  south  slope, 
as  also  others  on  the  crest  and  northern  slope.  The  whole  section  is  in 
windfall,  and  numerous  small  exposures  have  been  made  by  falling 
trees.  A  thickness  of  10  feet,  measured  at  the  top  of  the  south  slope, 
on  the  northwest  quarter  of  the  section,  yielded  37  per  cent  of  iron. 
The  exposures  are  chiefly  of  the  banded  variety,  though  the  slaty  kind 
is  also  seen. 

In  Sec  17  the  course  is  nearly  due  east  half  way  across  the  section, 
when  a  sharp  curve  is  made  to  the  northeast,  the  whole  belt  crossing 
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'  into  Sec  8,  the  next  to  the  north.  In  the  southeast  corner  of  the  latter 
section,  another  abrupt  turn  is  made,  now  to  a  due  east  course,  the 
southern  border  of  the  belt  crossing  the  east  section  line  100  paces 
north  of  the  southeast  corner.  In  Sec  17  there  are  almost  constant 
exposures  from  the  northwest  corner  along  the  crest  of  the  Penokee 
Range,  half  way  across  the  section.  Most  of  these  are  of  the  banded 
variety,  which,  judging  from  the  exposures,  seems  here  to  make  up 
even  a  larger  part  of  IV  than  at  Penokee  Grap.  Some  slaty  mate- 
rial, and  that  richer  than  usual  in  iron,  is  to  be  seen.  Ledges  55  and 
56,  Atlas  Plate  XXIV,  are  on  the  north  side  of  a  ravine  opening  south 
of  east.  The  lowest  layers  seen  there  are  grayish  qnartzite  (2,049), 
almost  without  ferruginous  admixture.  Further  up  the  hill  and  higher 
in  the  strata,  narrow  purplish  bands  come  in,  and  the  rock  is  very 
jaspery.  Still  higher  a  thin-laminated  magnetitic  slate  (2,051)  is  seen, 
in  part  quite  rich,  with  a  width  of  some  twenty  feet  The  magnetite 
throughout  contains  not  a  little  of  the  specular  oxide  At  the  north 
quarter-post  of  Sec.  17,  are  still  higher  layers,  in  which  the  purplish 
ferruginous  matter  is  pretty  uniformly  distributed  in  a  granular 
qnartzite. 

At  the  gap  through  the  Penokee  Eange  near  Mount  Whittlesey,  there 
are  a  number  of  exposures  of  IV,  both  in  the  creek  and  on  the  hill-side 
above.  The  southernmost  of  these  is  in  Sec  17,  29  paces  south  of  the 
section  line.  The  others  are  in  Sec  8.  On  all,  the  rock  is  a  dark  gray 
quartzite,  with  bat  little  ferruginous  material  (2,059J,  2,060),  and  that 
in  narrow  seams.  These  ledges  strike  N.  56**  E.,  and  only  250  paces  east 
are  large  exposures  of  east-and-west  slate  belonging  to  III,  proving 
very  nicely  the  abrupt  bend  made  here  by  the  whole  formation. 

On  the  summit  of  the  Penokee  Eange  north  from  Mt.  Whittlesey 
are  a  number  of  ledges,  one  mound-like  in  form,  and  of  quite  large 
size.  The  rock  seen  here  and  also  in  some  old  pits  near  by  is  the  same 
as  that  exposed  in  the  valley  just  west.  The  strong  attractions  noted 
further  down  the  north  slope  of  the  range  seem  to  indicate  a  larger 
content  of  iron  in  the  upper  layers  of  IV  than  in  the  lower  exposed 
portions. 

Across  Sec.  9  the  magnetic  belt  bears  a  little  north  of  east,  its  south- 
era  border  gradually  changing  from  the  north  to  the  south  side  of  the 
south  section  line.  Exposures  are  constant  all  across  the  section  both 
on  the  crest  of  the  ridge  and  on  the  upper  part  of  tlie  southern  slope. 
Beginning  just  south  of  the  south  quarter-post  of  Sec  9,  and  running 
along  the  section  line  and  just  north  of  it,  to  beyond  the  southeast  sec- 
tion corner,  is  an  almost  continuous  series  of  bold  exposures.  These 
are  mostly  of  a  peculiar  brownish-grey,  very  highly  granular,  magnetitic 
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qnartzite  (2,064),  quite  diflferent  in  appearance  from  anything  in  the 
Penokee  Gap  section,  to  the  banded  qnartzite  of  which  it  most  nearly 
approaches.  The  bands,  however,  are  only  occasionally  as  sharply  de- 
fined as  in  the  latter  rock,  being  generally  merely  lighter  and  darker 
shadings.  These  bands  are  quite  irregular,  and  show  much  contortion. 
Interstratified  with  this  coarser  prevailing  rock,  at  least  two  layers  of 
thinly  laminated,  black,  slaty  magnetitic  schist  (2,061),  with  a  width  of 
about  five  paces,  were  made  out.  A  large  portion  of  the  unusually 
high  crest  of  the  Penokee  Eange  in  the  northern  part  of  Sec.  9,  is  made 
up  of  this  banded  rock,  the  northern  slope  showing  exposures  of  a 
more  massive  magnetitic  qnartzite,  quite  lean  in  iron. 

On  the  east  line  of  Sec  9,  some  three  hundred  paces  north  of  the 
southeast  corner,  a  number  of  old  test-pits  expose  rather  poorly  the 
uppermost  layers  of  the  magnetic  belt  A  sample  selected  from  the 
whole  length  of  one  of  these  pits,  a  distance  of  fifty  feet  across  the 
strike,  yielded  41.19  per  cent  of  iron.  As  seen  here,  the  magnetic 
rock  is  very  highly  slaty,  and  the  usual  quartzose  ingredient  is  replaced 
by  a  softer  clay-like  material.  From  the  appearance  of  some  especially 
slaty  and  quite  lean  fragments  obtained  from  the  northernmost  of  these 
pits,  it  is  evident  that  we  are  here  very  near  the  junction  with  the  next 
formation  of  the  Huronian  series  (V). 

Entering  Sec  10,  the  magnetic  belt  bears  slightly  north  of  east  for 
nearly  half  a  mile.  It  then  turns  abruptly  almost  at  right  angles, 
trending  at  first  a  few  degrees  east  of  north  to  near  the  middle  of  the 
section,  and  then  about  northeast,  the  southern  border  of  the  belt  pass- 
ing out  of  the  section  about  two  hundred  paces  north  of  the  east  quar- 
ter-post The  same  high  crest  noted  in  Sec.  9  extends  more  than  half 
way  across  Sec.  10,  and  shows  here  again  on  its  northern  slope  a  num- 
ber of  exposures  of  the  peculiarly  banded  rock  seen  in  Sec.  9.  On  the 
steep  northern  slope  of  the  ridge  in  the  northeast  quarter  of  Sec.  10 
are  large  exposures,  having  a  length  of  some  twenty  rods,  of  dark  grey 
qnartzite  very  lean  in  iron.  About  five  hundred  paces  west  of  the  east 
quarter-post  of  Sec  10,  a  width  of  about  fifteen  feet  of  the  slaty  mag- 
netitic schist  is  in  sight. 

Entering  Sec.  11,  our  belt  holds  on  its  northeast  course,  soon  passing 
into  Sec  2,  the  east  line  of  which  is  crossed  by  the  southern  border 
of  the  belt  at  200  paces  north  of  the  southeast  corner.  In  the  north- 
west quarter  of  the  northeast  quarter  of  Sec.  11,  and  the  southwest  quar- 
ter of  the  southeast  quarter  of  Sec  2,  Carrie's  creek  passes  the  Penokee 
range.  For  some  distance  on  each  side  of  the  valley  in  which  the 
creek  flows,  exposures  are  numerous.  At  the .  north  quarter-post  of 
Sec  11,  and  from  there  running  some  forty  rods  westward  and  twenty 
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eastward  aloDg  the  conrse  of  the  Iron  Eange,  is  a  steep  north-facing 
ledge  of  nearly  non-ferruginons  dark  grey  quartzite.  This  is  on  the 
north  slope  of  the  ridge,  and  is  evidently  a  continuation  of  the  similar 
rock  seen  in  a  similar  position  across  mnch  of  Sec  10.  The  same  kind 
of  rock,  with  a  few  magnetite  seams,  is  exposed  for  some  150  paces 
south  of  the  quarter-post  In  Carrie's  creek,  125  paces  south  of  the 
north  line  of  Sec  11,  and  250  east  of  the  north  quarter-post  the  same 
dark  grey  quartzite,  now,  however,  more  highly  charged  with  magne- 
tite, is  exposed,  with  a  width  of  thirty  feet 

On  the  east  side  of  Carrie's  creek,  and  running  along  the  north  line 
of  Sec  11  for  several  hundred  paces  eastward,  are  numerous  small  ex- 
posures of  the  same  rock.  These  strike  north  60*  east,  and  since 
the  section  line  crosses  them  diagonally,  a  considerable  thickness  is 
here  exposed.  At  about  500  paces  west  of  the  northeast  corner  of  Sec 
11,  thinly  laminated,  very  highly  magnetitic  schists  (2,081)  are  exposed, 
which  are  of  course  lower  in  the  series  than  the  qnartzites  just  men- 
tioned. 

Crossing  the  southeast  quarter  of  Sec  2,  the  magnetic  belt  con- 
tinues on  its  northeast  course  to  about  the  middle  of  Sec.  1,  when  it 
curves  to  a  more  nearly  easterly  direction.  On  the  southwest  quarter 
of  this  section,  a  bold  exposure,  on  the  north  slope  of  the  ridge,  shows  a 
thickness  of  some  sixty  feet  of  both  slaty  and  banded  magnetitic  schists. 
A  sample  from  across  the  lower  20  feet,  which  showed  the  banded  vari- 
ety, yielded:  iron  sesquioxide,  40.42;  iron  protoxide,  12.33;  silica, 
39.17;  alumina,  1.14;  lime,  1.37;  magnesia,  1.90;  manganese  oxide, 
0.55;  phosphoric  acid,  trace;  sulphur,  none;  water,  2.16=99.04;  mag- 
netic oxide,  39.73;  specular  oxide,  13.02,  metallic  iron,  37.89.  The 
ore  seams,  sampled  independently  of  the  rest  of  the  rock,  yielded  47.29 
metallic  iron.  One  seam,  though  looking  somewhat  richer  than  the 
general  run,  yielded  only  47.26  per  cent  Farther  north  and  down 
the  slope  of  the  ridge  a  bold  face  of  black  slaty  magnetic  schist  is  in 
sight.  A  sample  taken  here  across  a  thickness  of  twenty  feet  yielded 
only  12.99  per  cent  of  metallic  iron.  Other  exposures  of  similar  char- 
acter occur  along  the  ridge  in  the  same  section. 

Entering  Sec  6,  T.  44,  R  1 W.,  with  the  south  border  about  150  paces 
soutli  of  the  west  quarter-post,  the  magnetic  belt  swings  around  again 
more  to  the  northeast  In  this  section  the  Penokee  Bange  is  especially 
high  and  narrow,  with  a  very  steep  northern  slope.  Outcrops  are  not 
numerous.  One  small  one  showed  a  bright  specular  ore,  banded  with 
jasper.  A  sample  from  a  thickness  of  four  feet  yielded  only  25.64  per 
cent  of  metallic  iron. 

In  the  northeast  quarter  of  Sec  6,  the  course  of  the  belt  makes  an- 
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other  turn  eastward,  and  in  the  northwest  quarter  of  Sec.  5,  it  turns 
again  to  the  northeast,  maintaining  this  course  across  the  southeast 
quarter  of  Sec  32,  T.  45,  R.  1  W.,  and  Sec.  33  of  the  same  town  to 
Tyler's  Fork  in  the  northeast  quarter  of  the  latter  section.  On  the  east 
line  of  Sec.  32, 250  paces  north  of  the  southeast  corner,  is  a  large  north- 
facing  ledge  of  the  peculiar  rough-textured  banded  quartzite,  so  largely 
exposed  near  the  south  line  of  sections  9  and  10,  T.  44^  R  2  W.  On  the 
southwest  quarter  of  Sec.  33  is  an  exposure  on  the  north  slope  of  the 
ridge,  200  feet  long  and  20  feet  high,  with  a  thickness  of  20  feet  in 
sight,  of  a  banded  magnetitic  quartzite,  the  ore  streaks  being  unusually 
abundant,  rich,  and  easily  separable  from  the  adjoining  rocks.  These 
ore  seams,  averaging  one  to  one  and  one-half  inches  thick,  can  be  broken 
out  in  large  slabs  two  to  three  feet  in  length,  and  yield  a  nearly  pure, 
compact,  purplish  magnetite.  A  sample  including  both  rock  and  ore 
seams  yielded  only  25.81  per  cent,  of  metallic  iron.  A  sample  made 
from  all  along  one  of  the  ore  seams  yielded:  iron  sesquioxide,  65.91; 
iron  protoxide,  27.49;  silica,  4.68;  alumina,  none;  lime,  1.79;  magnesia, 
none;  manganese  oxide,  0.56;  phosphoric  acid,  none;  sulphur,  trace= 
100.43;  magneticoxide,  88.57;  specular  oxide,  4.83:  metallic  iron>  67.66. 
The  exposures  at  the  gorge  of  Tyler's  Fork,  northeast  quarter  of  Sec. 
33,  have  already  been  partially  described,  and  a  map  given  on  Plate  XIV. 
Eeferring  to  this  plate  it  will  be  seen  that  just  at  the  junction  between 
the  magnetic  belt  and  the  formation  below  (III),  the  river  makes  a 
heavy  fall.  Then,  turning,  it  runs  about  five  rods  along  the  strike,  and 
makes  another  fall,  at  the  same  time  turning  again  at  right  angles. 
From  here  down  for  150  feet  it  passes  through  overhanging  walls  30 
feet  high,  of  ferruginous  quartzite,  below  which  for  several  hundred 
feet  are  several  other  exposures  of  the  same  rock.  The  section  of  the 
magnetic  belt  seen  here  may  be  briefly  summarized  as  follows,  begin- 
ning below: 

Ft.   In 

Thin-laminated,  black  magnetitic  slate 1      2 

Slightly  ferruginous  gray  quartzite.... 4 

Magnetitic  slate,  thin-laminated,  very  regularly  slaty,  dip  66^  N.,  strike  S. 

53*  W 4     6 

Not  well  seen » 4    .. 

Jaspeiy  magnetitic  slate  or  schist,  including  black  slaty  layers  as  above,  and 
intersected  by  white  quartz  veins;  including  also  ferruginous  seams,  yield- 
ing 40  per  cent,  of  metallic  iron • 21     .. 

Dark  gray  magnetitic  quartz-schist  or  quartzite,  with  occasional  seams  richer 
than  the  rest,  but  as  a  whole  containing  but  little  iron  oxide,  grading  be- 
low into  the  thin-laminated  jaspery  schist,  and  above  into  a  massive  quartz- 
ite. Forty  feet  from  the  base  is  a  persistent  seam  of  siliceous  red  hematite, 
20  inches  wide,  a  sample  from  which  yielded  41.29  per  cent,  of  metallic 

iron 160    .. 
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Ft,  In, 
Covered 100    .. 

Dark  gray  magrnetitic  quartz-schist 26    .. 

Covered 840    .. 

Dark  gray  magnctitic  quartz-schist 20    .. 

Total 677    00 

Tlie  section  of  IV  thus  described  shows  a  much  smaller  content  of 
iron  oxides  than  noted  at  any  point  in  its  more  western  portions.  It 
id  generally  true,  moreover,  that  from  here  eastward  there  is  a  continual 
decrease  in  the  iron  content,  this  decrease  being  accompanied  by  a 
lessening  in  magnetic  attractions.  As  far  as  the  Potato  river  quite 
strong  attractions  occur,  but  they  are  usually  restricted  to  a  much  nar- 
rower belt  than  before;  while  east  of  the  Potato  river  the  amount  of 
deviation  of  the  needle  rapidly  lessens,  disappearing  altogether  before 
the  Montreal  is  reached. 

Eastward  from  the  gorge  of  Tyler's  Fork  the  course  of  the  magnetic 
belt  is  about  N.  65*  E.,  through  the  northern  part  of  Sec.  34,  the 
southern  of  Sec  26,  the  northern  of  Sec.  25,  T.  45,  R  1  W.,  and  the 
southern  of  Sec.  19,  T.  45,  R  1  E.,  to  the  Potato  river  on  the  east  line 
of  the  latter  section.  In  this  distance  the  exposures  are  rare  and  small, 
the  only  one  of  any  size  occurring  directly  on  the  meridian  line  near 
the  southwest  corner  of  Sec.  19,  T.  45,  R  1  E.  Here  is  a  face  towards 
the  north  10  feet  high,  and  150  to  200  feet  in  length,  of  the  banded 
magnetitic  quartz-schist.  The  strike  direction  corresponds  with  the 
general  course  of  the  belt,  being  N".  63*  E.,  while  the  dip  is  as  much 
as  80*  to  85*  N.  The  bedding  is  quite  plain,  the  layers  having  a  small 
thickness.  The  rocky  material  very  largely  predominates.  A  sample 
from  across  the  whole  thickness  of  30  feet  in  sight,  including  rock  and 
ore  seams,  yielded  only  37.94  per  cent,  of  iron.  The  ore  seams  are 
irregular,  from  one-eighth  to  half  an  inch  thick,  and  contain,  mingled 
with  the  magnetic  oxide,  a  large  quantity  of  the  specular  variety,  speci- 
mens always  giving  a  red  streak.  A  sample  from  one  seam  yielded  68.89 
per  cent,  of  metallic  iron.  Associated  with  the  ore  seams,  in  thin  laminae, 
is  much  of  the  black  oxide  of  manganese.  White  quartz  seams,  carry- 
ing flakes  of  brilliant  hematite,  traverse  the  layers. 

On  the  east  side  of  Potato  river,  immediately  above  the  slate  (III)  a 
number  of  small  exposures  of  the  magnetitic  schists  are  in  sight,  the 
largest  being  near  the  base  of  the  bed.  These  show  a  quartz-schist 
lean  in  iron  oxides.  Higher  up  in  the  formation,  and  about  twenty  rods 
north  of  the  river,  three  small  exposures  were  examined,  near  the  top  of 
the  ridge.  The  structure  here  is  highly  slaty,  the  rock  and  ore  seams 
alternating  as  usual.    The  latter  show  always  the  red  streak.    A  sam- 
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pie  from  the  entire  25  feet  of  thickness  in  sight  yielded;  iron  sesqiii- 
oxide,  46.06;  iron  protoxide,  5.02;  silica,  40.50;  alumina,  5.10;  lime, 
0.79;  magnesia,  0.54;  manganese  oxide,  1.41;  phosphoric  acid,  none; 
sulphur,  0.12;  water,  0.55=100.08;  specular  oxide,  34.91;  magnetic 
oxide,  16.17;  metallic  iron,  36.14.  A  ten-inch  bunch  of  slaty  ore  layers 
near  the  base  of  the  exposure  was  sampled  independently  of  the  sur- 
rounding rock.  The  sample  contained  38.43  metallic  iron.  Some  of 
the  ore  seams,  having  a  bright  specular  look,  yielded :  metallic  iron, 
26.55;  specular  oxide,  35.55;  magnetic  oxide,  4.75.  Two  hundred  feet 
further  north,  and  now  on  the  north  slope  of  the  ridge,  a  thickness  of 
22  inches  of  the  same  slaty  rock  as  before  was  sampled;  the  sample 
yielded:  metallic  iron,  34.75;  magnetic  oxide,  24.01;  specular  oxide, 
30.04. 

Eastward  from  the  Potato  river,  IV  continues  on  the  same  N.  60°  to 
70**  E.  course,  through  sections  20, 17,  16, 15, 10, 11, 12  and  1  of  T.  45, 
R  1  R  Further  east,  the  course  is  in  general  the  same  through  Sec.  6, 
T.  45,  R  2  R,  and  sections  31, 32, 33, 34, 27, 26, 23  and  24,  T.  46,  R  2  R, 
to  the  Montreal  river,  but  there  are  several  curves.  On  one  of  these,  in 
Sec.  33,  T.  46,  R  2  R,  the  course  is  but  little  north  of  east  for  nearly  a 
mile.  In  all  of  this  distance,  the  only  exposures  of  any  size  are  those 
on  the  Gogogashugun  river,  Sec.  27,  T.  46,  R  2  R,  outcrops  of  any 
kind  being  very  rare.  The  only  ones  noticed  west  of  the  Gogogashugun 
are  small  ones  of  a  blackish  magnetitic  slate  near  the  top  of  the  forma- 
tion, in  Sec.  6,  T.  45,  R  2  R,  and  Sec.  32,  T.  46,  R  2  R  (Nos.  11, 12, 
13,  Atlas  Plate  XXVI.) 

At  the  passage  of  the  Gogogashugun  river,  the  exposures  are  large 
and  interesting.  A  map  of  this  place  has  already  been  given.  The 
following  description  of  the  exposures  of  IV,  as  seen  here,  is  taken 
from  the  notes  of  Professor  Chamberlin,  by  whom  the  examination  was 
made: 

•'The  lower  portion  of  this  belt  consists  of  beds  of  red  and  white 
quartzite  of  medium  massiveness  and  somewhat  irregular  texture,  and 
containing  a  small  proportion  of  ferruginous  and  other  impurities, 
irregularly  distributed.  As  we  rise  through  the  layers  the  ferruginous 
material  becomes  more  abundant,  and  forms  thin  layers  interbedded 
with  the  quartzite  beds,  which  are  in  this  portion  usually  thinner.  The 
iron  takes  the  form  of  red  hematite,  or,  to  a  less  extent,  of  limonite, 
and  shows  abundant  evidence  of  molecular  rearrangement  since  its 
original  deposition.  This  is  seen  in  the  crystalline  form  which  a  por- 
tion of  it  exhibits,  and  in  the  fact  that  in  some  portions  it  is  mainly 
aggregated  in  pockets  and  fissures  in  the  quartzite.  In  some  portions, 
the  quartzite  has  evidently  been  much  fi*actured,  and  the  cracks  subse- 
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quently  filled  with  the  iron  ore.  There  is  also  present  a  considerable 
relative  proportion  of  manganese  oxide,  often  in  crystalline  aggrega* 
tions.  The  interbedded  seams  of  iron  ore  are  usually  disintegrated  and 
removed  at  the  surface,  when  the  sti*ata  are  exposed,  leaving  the  asso- 
ciated beds  of  quartzite  separated  by  corresponding  spaces.  The  surface 
width  of  the  quartzite^  before  it  becomes  notably  ferruginous,  is  about 
200  feet.  Beyond  this  point  it  is  feebly  exposed  at  intervals,  on  the 
right  bank  of  the  river.'* 

The  specimens  of  iron  ore  brought  from  here  by  Professor  Chamber- 
lin  show  an  excellent  quality  of  highly  manganiferous  soft  hematite. 
It  will  be  seen  from  this  description  that  in  the  Gk)gogashugun  section 
there  is  no  sign  of  either  the  magnetic  or  specular  iron  oxides  that 
characterize  the  more  western  portions  of  IV.  On  reference  to  the 
map  of  Atlas  Plate  XXVI,  it  will  be  observed  that  the  magnetic  attrac- 
tion has  almost  entirely  disappeared. 

On  the  Montreal  river,  the  only  ex]X)sure  of  IV  is  a  small  one  of 
red  and  gray  jaspery  quartzite  near  the  base  of  the  formation. 

West  of  Bad  river.  This  portion  of  the  magnetic  belt  has  been  ex- 
amined in  detail  by  Mr.  Wright,  and  will  be  found  described  in 
his  report  in  this  volume.  A  number  of  points  having  been  noted  during 
the  preliminary  reconoissance  of  this  part  of  the  belt  in  1873, 1  repeat 


TTTirrr   t.tttt        "  t"^ 

SscnoK  nr  Bxtlorixo  Tbsnoh,  KoBTBSAfT  Quaitbb  Sbc.  15,  T.  44,  R  8  W. 

here  what  was  given  in  my  report  for  that  year,  with  some  condensation. 
Westward  from  Penokee  Gap,  there  are  exposures  of  the  magnetic 
schists  on  nearly  every  quarter  section,  often  of  large  size.  These  ex- 
posures are  nearly  always  at  the  summit  of  the  Penokee  Ilange,  or  near 
the  top  of  its  southern  slope,  and  form  not  unfrequently  almost  precip- 
itous Bouth-facing  difts.  This  is  especially  true  of  the  more  quartzose 
layers. 
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Across  Sec.  15,  T.  44,  R.  3  W.,  to  the  eastern  line  of  which  section  we 
have  ah-eadj  carried  our  descriptions,  the  magnetic  belt  trends  but  very 
slightly  north  of  west,  its  northern  border  lying  just  north  of  the  north 
line  of  the  section.  On  the  northeast  quarter  of  Sec.  15,  about  60  paces 
north  and  500  west  of  the  northeast  comer,  a  number  of  fresh  exploring 
trenches  were  examined  in  1873.  In  one  of  these,  the  section  shown 
in  Fig.  4  was  obtained. 

The  following  are  the  details  of  this  section,  beginning  on  the  south: 

Ft,   In, 

1.  Heavily  bedded,  ^ray,  non-ma^^netic  quartzite,  the  Dppennost  layess  of  which 

show  a  transition  into  the  next  higher  layers;  a  sample  from  the  whole 

width  yielding  only  2.03  per  cent  of  iron;  thickness 16     4 

2.  Dark  colored,  hig^y  magnetic  qnartzite,  containing  11.23  per  cent  of  iron; 

thickness 5    .. 

3.  Thinly  laminated,  brilliant  steely-lostred,  red-streaking  specular  iron  ore, 

inteilaminated  with  quartz  seams;  strongly  masnetic,  specimens  showing 
strong  polarity;  a  sample  from  all  across  the  bed  yielded:  iron  sesqui- 
oxide,  49.44;  iron  protoxide,  8.46;  silica,  33.89;  alumina,  1.15;  lime,  3.16; 
magnesia,  2.40;  manganese  oxide,  0.34:  phosphoric  add,  none;  sulphur, 
none;  water,  1.5  =  100.34;  magnetic  oxide  of  iron,  27.26;  specular  oxide, 
30.64;  metallic  iron,  41.19;  —  this  analysis  showing  the  same  ingredients 
as  in  the  sdiists  at  Penokee  Gap,  viz.:  quartz,  specular  hematite,  magne- 
tite, tremolite  and  pyrolusite,  though  in  different  order  of  relative  import- 
ance. On  the  lower  side  this  layer  is  sharply  defined,  but  above,  a 
graduation  into  the  next  layer  is  observable ;  thickness 3     5 

4.  Specular  quartz-schist,  thinly  huninated,  feebly  magnetic;  containing  30.8 

per  cent,  of  iron;  thickness 4      2 

5.  Quartzose  magnetite-schist;  thinly  laminated  to  slaty;  dark  colored,  with- 

out appearance  of  specular  iron ;  very  highly  magnetic.  The  sample  from 
the  whole  thickness  yielded:  iron,  30.13:  iron  sesquioxide,  27.8;  iron  pro- 
toxide, 13.34;  a  proportion  which  proves  the  absence  of  specular  hematite. 
Thickness 3     4 

6.  Quartz-rock,  free  from  ferruginous  admixture;  thickness 2      5 

7.  Quartzose  magnetite,  like  No.  5;  containing:  iron,  38.4;  iron  sesquioxide, 

37.20:  iron  protoxide,  12.90;  magnetic  oxide,  51.22;  specular  oxide,  1.88; 
thickness 1      1 

8.  Quartzite,  light  colored,  non-ferruginous;  thickness 8    . . 

9.  Not  seen;  thickness 10    .. 

10.  Specular  ore,  like  No.  3.    The  analysis  of  a  carefully  averaged  sample 

yielded:  metallic  iron,  45.07;  iron-sesquioxide,  59.15;  iron  protoxide,  4.72; 
magnetic  oxide,  15.20;  specular  oxide,  48.66;  thickness  seen 3    . . 

Total 56     9 

The  section  thus  described  serves  well  to  show  the  alternations  of 
ferruginous  and  non-ferruginous  layers,  and  the  peculiar  association 
of  specular  hematite  and  magnetite  that  is  so  characteristic  of  the 
Penokee  Kange  throughout  its  whole  length.  The  layers  represented 
in  this  section  belong  well  down  in  the  formation,  and  correspond 
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either  to  the  "slaty  schists,''  IV  B,  (2),  or  the  " lower  banded  schists,'* 
IV  B,  (1)  of  the  Penokee  Gap  section.*  In  the  immediate  vicinity  of 
this  trench,  at  a  point  65  paces  south  and  600  west  of  the  northeast 
comer  of  Sec.  15,  the  shaft  of  the  Penokee  mine  has  since  been 
sunk,  and  several  hundred  tons  of  rock  taken  out.  This  pile  was  care- 
fully sampled  in  1875,  and  the  sample  analyzed  by  Mr.  R  T.  Sweet, 
the  result  showing  44.44  per  cent,  of  metallic  iron.  The  pile  and  the 
vicinity  of  the  mine  were  also  carefully  examined  by  the  writer  in 
1877.  A  large  portion  of  the  pile  is  composed  of  the  "  banded  "  va- 
riety of  magnetic  schist,  dark-colored  magnetite  bands  alternating  with 
bands  of  greyish  quartz.  A  few  pieces  of  rich  granulai*  magnetite  are 
mingled  with  the  rest,  and  also  others  of  a  fine-granular,  friable,  brown- 
ish kind,  which  is  highly  magnetic,  and  very  rich,  not  only  in  iron  but 
also  in  manganese.  South  fi'om  the  shaft  house  100  paces  the  siliceous 
slate  III  is  in  place.  The  mouth  of  the  shaft  is  just  1,000  feet  above 
above  Lake  Superior,  and  about  300  above  the  railroad  track  at  Peno- 
kee Gap. 

In  Sec.  16  the  magnetic  belt  continues  nearly  across  the  section, 
more  and  more  of  it  passing  to  the  north  of  the  section  line  as  it  is 
traced  westward.  A  number  of  exposures  of  magnetite-schists  were 
noted,  one  of  which,  on  the  northwest  quarter  of  Sec  16,  is  a  bold  mural 
one,  on  the  south  face  of  the  ridge.  Here  a  slaty  magnetite-schist  is 
overlaid  by  a  banded  kind,  all  dipping  at  a  high  angle  to  the  northward. 
The  thickness  of  the  slaty  variety  seen  was  15  feet,  a  sample  fi*om  tho 
whole  of  which  yielded  49.7  per  cent,  of  iron. 

About  two-thirds  across  Sec.  16  the  magnetic  belt  begins  to  curve  to 
the  west  and  south  of  west,  finally  taking  a  southwest  course,  which  is 
maintained  through  Sec.  17,  the  belt  crossing  the  west  line  of  that 
section  about  a  quarter  of  a  mile  north  of  the  southwest  corner.  In 
Sec.  17  bold  exposures  continue  to  show  on  the  south  face  of  the  Peno- 
kee  range,  much  of  Formation  IV  being  here  made  up  of  nearly  non- 
ferruginous  quartzite.  One  of  these  great  ledges  of  quartzite  wos  found 
forming  a  steep  slope  or  cliff  50  to  75  feet  in  height  on  the  northeast 
quarter  of  the  section.  At  the  top  of  the  exposure  25  feet  of  slaty 
magnetite-schist  is  in  sight,  the  whole  dipping  only  50*  to  the  north- 
ward A  similar  exposure,  extending  several  hundred  feet  along  the 
strike,  was  noticed  near  the  center  of  the  section.  Here  both  slaty  and 
banded  magnetite-schists  are  in  sight  above  the  quartzite,  and  much  of 
Formation  III  is  in  sight  below.  The  dip  hero  is  as  low  as  35*.  Tho 
quartzite  of  these  ledges  occupies  in  part  the  position  of  tlie  similai^ 
rock  IV  A.,  at  Penokee  Gap.  It  is  so  important  a  feature  of  this  pari 
of  the  range,  partly  because  of  increased  thickness,  but  also  because  of 
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die  low  dip,  which  gives  it  a  greater  surface  extent,  and  at  the  same 
time  conduces  to  the  formation  of  such  precipices  as  I  have  described. 
A  sample  taken  from  the  slaty  magnetite-schists  of  the  last  named  ex- 
posure, and  representing  a  thickness  of  40  feet,  yielded:  iron  sesquiox- 
ide,  36,41;  iron  protoxide,  15.77;  silica,  39.53;  alumina,  0.11;  lime, 
1.52;  magnesia,  2.52;  manganese  oxide,  3.12;  sulplur,  0.42;  phosphoric 
acid,  trace;  water,  0.54=99,  94;  metallic  iron,  37.75;  magnetic  oxide, 
50.8;  specular  oxide,  1.38  —  a  composition  indicating  the  same  min- 
eral ingredients  mentioned  so  many  times  before,  viz:  magnetite, 
quartz,  tremolite  or  actinolite,  pyrolusite,  hematite  and  pyrite. 

In  Sec  18,  T.  44,  R  3  W.,  the  magnetic  belt  continues  on  its  south- 
west course,  entering  the  northwest  comer  of  Sec.  19.  A  number  of 
exposures  occur  in  Sec.  18,  showing  generally  quite  a  low  dip.  One 
ledge,  a  few  feet  wide,  near  the  center  of  the  section,  was  sampled,  the 
analysis  of  the  sample  yielding  38.75  metallic  iron. 

In  the  northeastern  corner  of  Sec.  24,  T.  44,  R  4  W.,  the  Penokee 
range  ends  very  abruptly.  A  number  of  exposures  occur  beyond  the 
end  of  the  range,  however,  in  Sees.  13  and  24,  and,  as  first  shown  by 
Mr.  Wright,  the  magnetic  belt  here  takes  an  abrupt  turn  at  right 
angles,  the  course  now  being  northwest.  On  the  west  line  of  Sec. 
13  another  abrupt  turn  takes  place,  now  to  the  southwest,  after  wliich 
the  belt  becomes  concealed  by  drift.  Its  course  has  been  traced  out  by 
Mr.  Wright,  by  the  aid  of  the  magnetic  needle,  and,  from  his  observa- 
tions entirely,  as  given  in  the  annual  report  for  1876,  the  course  of  the 
belt,  through  R  4  W.,  has  been  marked  on  my  map  of  the  eastern 
Lake  Superior  district,  Atlas  Plate,  XXII. 

In  T.  44,  R  5  W.,  the  magnetic  belt  rises  again  through  the  drift, 
forming  in  sections  23,  14, 16  and  17,  high  ridges.  In  the  southern  part 
of  Sec.  14  and  northern  part  of  Sec.  23  is  a  bold  ridge  made  up  of 
magnetite-schists  which  rises  200  feet  above  the  surrounding  country 
and  trends  northwest  and  southeast.  Towards  the  northwest  this  ridge 
is  cut  through  by  the  valley  of  a  small  branch  which  entera  the  Mar- 
ingouin  river  at  the  foot  of  the  bold  falls  described  on  a'  previous  page, 
northwest  quarter  of  Sec  23.  The  principal  exposures  of  magnetite- 
schist  arc  on  the  south  face  of  the  ridge,  and  again  on  the  side  hill 
facing  towards  the  valley  alluded  to.  The  latter  are  the  most  exten- 
sive. Beginning  a  short  distance  west  of  the  south  quarter-post  of  Sec. 
14,  they  extend  as  much  as  500  feet  in  a  southwesterly  direction.  The 
strike  of  the  schist  being  N.  45*  W.,  these  ledges  show  a  thickness  of 
several  hundred  feet.  The  rock  is  quite  slaty  and  uniform  throughout, 
and  contains,  according  to  the  analysis  of  an  average  sample,  upwards 
of  35  per  cent,  of  metallic  iron.     Passing  across  the  valley  in  the  di- 
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rection  of  the  strike  another  bold  ridge  is  found  upon  which  were  ob- 
served a  number  of  diorite  exposures.  Some  of  these  appear  to  lie  di- 
rectly in  the  course  of  the  magnetic  belt,  to  which  their  true  relation 
was  not  made  out.  In  Mr.  Wright's  detailed  account  of  this  region 
this  difficulty  will  probably  be  found  explained. 

In  the  southern  part  of  Sec  16,  T.  44,  R  5  W.,  is  another  bold  ridge 
of  magnetite-schist,  some  250  feet  in  height  This  ridge  stretches 
from  the  west  side  of  the  Maringouin  river,  all  across  the  section,  curv- 
ing to  the  southwestward  in  the  southwest  quarter.  The  magnetic 
schists  here  are  distinctly  interstratified  with  broad  diorite  bands,  a 
phenomenon  nowhere  else  observed  in  the  entire  length  of  the  magnetic 
belt 

From  the  southwest  quarter  of  Sec  16,  the  magnetic  belt  was  traced 
in  1873,  by  aid  of  the  dip  compass,  to  the  northeast  shore  of  Atkins' 
lake,  northwest  quarter  of  Sec  20,  T.  44,  R  5  W.  Mr.  Wright  has 
since  traced  it  beyond  to  Numakagon  lake,  in  R  6  W. 

Formation  Y.    Black  Feldspathlc  Slate. 

This  layer  has  been  seen  well  exposed  only  at  Penokee  Gap.  One 
or  two  poor  exposures  have  been  found  of  a  similar  rock,  in  tlie  proper 
stratigraphical  position,  in  the  eastern  extension  of  the  Penokee  Eange. 
As  seen  at  Penokee  Gap,  this  member  has  a  width  of  200  feet,  and  a 
thickness  of  about  180  feet 

The  exposures  at  the  Gap  lie  altogether  on  the  west  side  of  the 
fault.  They  are  on  the  side  hill  just  east  of  the  railroad  track,  near 
station  150,  Atlas  Plate  XXIII.  As  seen  here,  the  rock  (29, 1,428)  is 
quite  perfectly  slaty,  in  layers  one-eighth  inch  to  three  inches  thick, 
dull  black  in  color,  soft,  powdering  greyish,  and  nearly  aphanitic,  a  few 
minute  shining  facets  being  distinguishable  with  the  loupe.  Accord- 
ing to  Professor  Daniells*  analysis,  it  contains  9.26  per  cent  of  iron, 
and  1.42  per  cent  of  carbon,  the  latter  having  been  determined  by 
direct  weight.  In  Mr.  Julien's  report,  Appendix  B,  it  will  be  seen  that 
he  describes  the  rock  as  composed  of  orthoclase  grains  imbedded  in  a 
paste  of  biotite  and  opacite,  the  latter  including  pyrite  and  limonite. 
From  the  results  of  Professor  Daniells'  analysis  it  is  evident  that  the 
opacite  is  in  part  carbon.  In  Fig.  4,  Plate  XY  A,  I  have  given  a 
drawing  of  a  part  of  the  slice  examined  and  reported  on  by  Mr.  Julien. 

Ectst  of  Penokee  Gap^  as  mentioned  on  p.  127,  V  is  seen  feebly 
exposed  on  the  east  side  of  Sec  9,  T.  44,  R  2  W.,  where  there  is  a  grad- 
uation into  the  underlying  magnetite-slates.  Exposures  of  black  slate 
belonging  to  this  horizon  are  also  to  be  seen  on  the  southeast  quarter 
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of  the  northeast  quarter  of  Sec.  1,  T.  45,  R  1 E.  The  slate  here  is  dis- 
tinctly magnetitic,  and  appears,  as  indicated  by  other  neighboring  ex- 
posures in  Sec.  6,  T.  45,  R  2  E.,  to  graduate  downwards,  by  an  in- 
crease of  magnetite,  into  the  upper  portions  of  IV,  themselves  here 
nnusually  soft  and  slaty. 

Formation  YI. 

At  Penokee  Gap,  and  tlience  both  east  and  west  along  the  whole 
course  of  the  Penokee  Range,  we  find  immediately  north  of  tlie  mag- 
netic belt,  or  of  Formation  V,  an  interval  without  exposures.  At  Pe- 
nokee Gap  this  belt  has  a  width  of  970  feet,  which,  with  the  prevail- 
ing dip  of  65*,  corresponds  to  a  thickness  of  880  feet.  This  barren 
interval  may  include  several  distinct  layers,  or  be  all  included  in  one, 
or  contain  more  or  less  of  an  extension  of  Fonnation  V.  In  the  more 
southern  part  of  this  belt  for  some  miles  west  of  Penokee  Gap,  Mr. 
Wright  has  observed  magnetic  attractions  which  he  thinks  indicate 
the  position  of  an  ore  belt  I  have  not  found  any  such  indication  in 
the  eastern  extension  of  the  Iron  Eange. 

In  T.  44,  R  5,  W.,  sections  16, 17, 19  and  20,  are  large  ledges  of  a  pe- 
culiar hornblende-rock,  evidently  overlying  the  magnetic  belt  or  Forma- 
tion IV,  and  occupying  a  portion  of  the  barren  interval  here  numbered 
VI.  I  have  hesitated,  however,  to  give  the  name  of  this  rock  to  a  dis- 
tinct member  of  the  Huronian  series,  because  it  is  found  only  in  this 
one  vicinity,  where,  moreover,  several  other  deviations  from  the  typical 
stratigraphical  arrangement  of  the  lower  members  are  to  be  observed. 

The  main  exposures  of  this  hornblende-rock  are  on  the  southwest 
quarter  of  Sec.  16,  the  southwest  quarter  of  Sec.  17,  and  northeast  quarter 
of  Sec  19,  T.  44,  R  5  W.  Those  on  Sec.  19  lie  at  the  foot  of  a  bold 
isolated  ridge,  in  part  made  up  of  this  rock,  which  is  over  300  feet  in 
height,  and  on  the  north  shore  of  a  small  lake.  As  seen  here  the  rock 
(101,  105)  is  a  dark-colored  one,  for  the  most  part  medium-grained 
to  aphanitic  In  the  coarser  varieties,  quartz  and  a  blackish  min- 
eral are  distinguishable  with  the  loupe.  Large  black  shining  sur- 
faces up  to  one-fourth  inch  in  length  are  also  occasionally  observable. 
The  only  section  examined  under  the  microscope  showed  quartz  pre- 
dominating, but  mingled  witli  much  milky  orthoclase;  hornblende  in 
large,  greenish,  partly  decomposed,  and  much  shattered  crystals;  biotite 
in  occasional  leaves;  rare  plagioclase;  and  apatite  as  a  very  abundant 
inclusion  iu  both  quartz  and  feldspar.  From  the  macroscopic  appear- 
ance of  other  8]iecimens,  it  is  supposed  that  the  orthoclase  is  more 
abundant  in  tliis  slice  than  usual.  Greyish  and  pinkish  coarse-grained 
granite  veins  were  observed  penetrating  this  rock. 
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Formation  Til.    Mica-Slate. 

Tbi8  formation,  known  only  in  the  vicinity  of  Bad  river,  is  made 
np  of  a  light  to  dark  gray,  aphanitic  schist,  or  slate,  the  principal  min- 
eral constituents  of  which,  as  shown  by  the  microscope,  are  quartz, 
orthoclase  and  biotite,  the  texture  being  wholly  crystalline. 

The  exposures  of  this  rock  in  the  vicinity  of  Penokee  Gap  arc  all  on 
the  side  of  a  low  ridge,  which  rises  abruptly  fifty  feet  from  the  south 
bank  of  Bad  river,  between  stations  189  and  190  of  Atlas  Plate  XXIII, 
and  has  an  east  and  west  extent  of  about  twenty  paces.  In  Btruc>- 
ture,  the  rock  (1,479,  1,480)  seen  here  varies  from  schistose  to  slaty, 
the  laminre  striking  east  and  west,  and  dipping  60*  to  65"  north.  Ex- 
amined with  the  loupe,  minute  scales  of  mica  are  occasionally  percepti- 
ble, also  fine  pyrite.  The  pulverized  rock  yields  a  little  magnetite.  In 
the  thin  section,  the  white  background  is  seen  to  consist  of  very  fine 
quartz  and  orthoclase  grains.  Thickly  interspersed  in  this  are  scales 
of  brownish  biotite,  mostly  lying  in  the  schist  plane.  Small  black  par- 
ticles, belonging  to  pyrite,  and  finer,  dusty  magnetite,  are  contained  in 
small  quantity.  Fig.  5,  Plate  XV  A,  is  a  representation  of  this  rock. 
This  layer  has  not  been  observed  exposed  at  any  other  point 

Formation  Till. 

Immediately  succeeding  the  last  described  layer  on  Bad  river,  is  a 
blank  320  feet  in  width,  corresponding  to  a  thickness  of  290  feet. 
There  can  be  little  doubt  that  this  blank  space  is,  in  part  at  least, 
occupied  by  a  continuation  of  the  mica-slate  of  VII. 

Formation  IX.     Chloritic  Diorite. 

Tliis  layer  is  known  only  from  its  exposures  on  Bad  river,  on 
which  it  forms  a  series  of  rapids.  The  horizontal  width  is  170  feet^ 
and  thickness  150  feet.  The  exposures  are  wholly  on  the  west  side 
of,  and  very  close  to  the  fault  line.  Their  interesting  relation  to  the 
large  exposures  of  black  slate  in  the  immediate  vicinity,  and  on  the 
other  side  of  the  fault  line,  is  noted  in  another  place. 

The  exposures  on  Bad  river  are  just  west  of  the  line  between  stations 
214  and  215,  Atlas  Plate  XXIII,  extending  across  the  river.  The  rock 
is  very  dark-colored  and  massive,  being  without  any  appearance  of 
bedding  structure.  At  the  foot  of  the  falls,  the  texture  (1,435)  is  very 
close,  being  almost  aphanitic,  and  numerous  narrow  seams  of  white 
quartz  are  seen.  Further  up,  the  rock  (1,435  to  1,439)  becomes  some- 
what coarser  in  grain,  and  the  texture  is  seen  to  be  highly  crystalline, 
a  striated  feldspar  and  dark-colored  mineral  being  occasionally  dis* 
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tingnishable  with  the  loupe.  Pyrite  is  also  at  times  visible,  its  pres- 
ence being  frequently  indicated  bj  the  brown  iron-stain  on  some 
surfaces.  Tlie  complete  microscopic  description  by  Mr.  Julien,  in  Ap- 
pendix B,  renders  unnecessary  anything  farther  on  my  part.  It  may 
merely  be  said  that  the  main  ingredients  are  much  altered  amphibole 
and  plagioclase,  pyrite  presenting  itself  as  a  constant  accessory.  I 
have  myself  examined  a  number  of  other  thin  sections  ground  from 
specimens  secured  from  all  parts  of  the  exposure,  and,  with  the  exception 
of  variation  in  coarseness  of  grain,  they  correspond  in  all  respects  with 
the  one  examined  by  Mr.  Julien.  I  give  a  representation  of  the 
latter  in  Fig.  3,  Plate  XV  A. 

Formation  X.    Mica-Slate. 

This  layer  is  also  known  only  in  the  vicinity  of  Penokee  Gap,  where 
it  is  seen  exposed  on  the  side  of  a  steep  bank  near  station  48  of 
Atlas  Plate  XXIII,  and  again  in  the  bed  of  a  small  stream  about  a 
hundred  paces  further  east  It  has  not  been  observed  on  the  east  side 
of  the  fault  line.  The  total  width  indicated  by  the  exposures  is  not 
greater  than  25  feet. 

This  rock  (1,440, 1,441,  1,476)  is  a  gray,  fine-grained,  minutely  crys- 
talline,  soft  slate,  closely  resembling  the  rock  of  Formation  VII,  from 
which  it  is  also  indistinguishable  under  the  microscope. 

Formation  XI. 

Succeeding  the  last-mentioned  i*ock,  in  the  vicinity  of  Penokee  Gap, 
is  a  space  within  which  no  exposures  have  been  observed,  having  a 
width  of  310  feet.  These  figures  correspond  to  a  thickness  of  strata 
of  280  feet  From  the  evidence  of  loose  fragments,  and  from  the 
similarity  of  the  rocks  on  both  sides,  it  is  surmised  that  a  large  porticm, 
at  least,  of  this  blank  is  filled  with  mica-slates.  No  exposures  have 
been  as  yet  observed  elsewhere  in  the  Huronian  belt  that  could  be 
referred  to  this  interval 

Formation  XII.    Black  Magnetitie  Mica-Slate. 

This  rock  is  known  only  on  the  east  side  of  the  fault  line  near  Penokee 
Gap,  where,  however,  the  exposures  are  large,  and  of  much  interest. 
The  rock  is  quite  closely  allied  to  that  of  Formation  VI,  from  which  it 
differs  in  its  blacker  color,  the  blackening  material  including  magnetite, 
pyrite,  and  probably  also  carbon.  The  horizontal  width  of  this  formation 
in  sight  near  Penokee  is  250  feet,  corresponding  to  a  thickness  of  225  feet. 
The  exposures  near  Penokee  Gap  are  all  close  to  Bad  river,  the  largest 
being  included  in  the  square  of  stations  214,  223, 198, 189  of  Atlas 
Plate  XXIIL    Here  we  find  a  low  hill,  some  thirty  feet  in  height, 
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lying  in  the  bend  of  Bad  river.  In  addition  to  the  natural  exposures, 
the  railroad  excavations  have  bared  the  rock  in  a  number  of  places, 
besides  which  there  is  a  cutting  10  to  15  feet  in  depth,  and  some  400 
feet  in  length.  The  rock  on  all  these  exposures  is  quite  uniform.  It 
is  a  jet-black  slate  or  slaty  schist  nearly  aphanitic  in  texture,  soft  and 
argillaceous.  Numerous  little,  elliptical,  amygdaloid-like  spots  of  a 
duller  black  than  the  rest  of  the  rock,  and  one- twentieth  to  one- 
thirtieth  inch  in  diameter,  dot  thickly  the  surfaces  of  the  lamination 
planes  (1,429  to  1,433).  The  weathered  surface  and  the  surfaces 
of  joint-cracks  show  often  a  bright  yellow  iron-stain.  In  Appendix 
B  is  given  a  detailed  description  by  Mr.  Julien  of  the  microscopic 
characters  of  a  thin  section  of  this  rock.  Several  other  sections  which 
I  have  myself  since  examined  present  exactly  the  same  appearance. 
The  rock  is  wholly  crystalline,  having  a  ground-mass  chiefly  of  quartz, 
through  which  are  scattered  minute  scales  of  mica  and  black  particles 
of  magnetite  and  pyrite,  and  probably  also  carbon.  To  the  oxidation 
of  the  pyrite  are  evidently  to  be  attributed  the  iron-stained  surfaces. 
The  thin  section  does  not  sTiow  any  difference  between  the  black  spots 
seen  macroscopically  on  the  schist  planes  and  the  rest  of  the  rock, 
other  than  the  thicker  crowding  of  the  black  ingredients.  It  is  sur- 
miscd  from  the  characters  of  a  similar  slate  occurring  somewhat  higher 
in  the  series,  that  these  spots  may  be  the  remnants  of  crystals  of 
chiastolite. 

The  slaty  lamin©  are  not  always  very  thin,  running  sometimes  to 
two  inches  in  thickness.  In  the  cutting  at  the  southern  end,  the  layers 
strike  north  69*  west,-  dipping  69*  to  the  north.  Twenty-three  paces 
further  on,  a  band  two  feet  in  width  of  highly  contorted  slate  strikes 
across  the  cutting  in  a  north  62*  west  direction.  Further  north  still, 
the  strike-planes  turn  yet  more  towards  the  north,  trending  at  the 
northern  end  of  the  cutting  north  62*  west.  On  the  large  bared  sur- 
faces to  the  west  of  the  cutting  the  rock  is  seen  to  be  much  faulted, 
the  presence  of  whitish  bands  coinciding  with  the  bedding  making 
the  amount  of  throw  in  each  case  quite  evident.  The  unusual  amount 
of  northing  and  the  peculiar  variations  in  the  strike  directions  at  this 
place,  together  with  the  much  disturbed  and  faulted  condition  of  the 
rock  to  the  west  of  the  cutting,  have  an  interesting  relation  to  the 
Penokee  fault,  as  shown  on  a  subsequent  page. 

Formation  XIII.    CUoritic  Diorite. 

This  layer  is  known  only  in  the  vicinity  of  Penokee  Gap,  where  it 
is  found  on  the  east  side  of  the  fault  with  a  horizontal  width  of  40 
feet  and  thickness  of  35  feet  The  rock  is  allied  to  that  of  Formation 
XII,  although  there  are  well-marked  differences,  as  noted  below. 
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The  only  exposure  known  is  a  poor  one  on  the  sides  of  the  railway 
cutting  already  described  as  passing  through  formation  XII,  where 
there  is  a  total  width,  measured  aloug  the  sides  of  the  cutting  and  in- 
cluding exposures  and  unexposed  intervals,  of  60  feet,  which,  taking 
the  strike -direction  into  account,  oorresponds  to  a  true  width  of  about 
40  feet.  Macroscopically,  the  rock  seen  here  (1,434)  is  very  finely 
crystalline,  compact,  dark  gray  to  black,  and  pyritiferous,  differing  from 
the  rock  of  Formation  IX,  which  is  exposed  in  the  river  bed  near  by, 
chiefly  in  its  greater  fineness  of  grain,  but  also  in  a  minute  and  barely 
perceptible  stringy  arrangement  of  the  constituents.  Under  the  micro- 
scope, a  thin  section  shows  a  predominating  amount  of  greenish  and 
much  shattered  and  altered  hornblende,  which  is  in  certain  places  only 
strongly  dichroitic.  Throughout  the  whole  section,  the  hornblende 
fibers  retain  one  general  direction,  to  which  also  the  black  magnetite 
conforms  in  long  strings,  indicating  apparently  a  sort  of  schistose 
structure.  The  plagioclases  are  in  quite  small,  much  rounded  grains. 
From  the  rock  of  IX  that  of  XIII  differs  then,  (1)  in  the  fibrous  char- 
acter of  the  hornblende;  (2)  in  the  stringy  arrangement  of  the  whole 
section;  and  (3)  in  the  greater  amount  of  hornblende  and  subordinate 
amount  of  plagioclase. 

Formation  XIT.    Black  Mica-Slate. 

The  principal  exposures  of  this  formation  are  in  the  neighborhood  of 
Bad  river,  and  in  the  sections  immediately  to  the  west,  besides  which 
there  are  a  few  small  scattering  ones  in  the  eastern  extension  of  the  Hu- 
rouian  belt,  which  appear  to  belong  to  the  same  horizon.  Tlie  rock  is  a 
dark  gray  to  jet-black,  aphanitic  slate,  closely  similar  to  that  of  Forma- 
tion XII.  In  certain  layers  numerous  blades  of  chiastolite  are  thickly 
distributed.  The  blackening  material  appears  to  include,  as  in  the  rock 
of  Formation  XII,  magnetite,  pyrite  and  carbon.  The  total  apparent 
width  of  this  layer  on  Bad  river  is  415  feet,  corresponding  to  a  thick- 
ness of  375  feet  Over  200  feet  of  the  middle  portion  of  this  width, 
however,  is  without  exposure,  the  continuation  of  the  same  rock  through 
the  blank  space  being  an  inference  from  drift  evidence,  and  from  the 
close  similarity  of  the  rocks  on  both  sides  of  the  gap. 

Tlie  exposures  of  this  formation  in  the  vicinity  of  Bad  river,  Sec.  11, 
T.  44,  E.  3  "W.,  are  foupd  on  both  sides  of  the  fault  line.  The  lower- 
most  layers  are  to  be  seen  imperfectly  exposed  in  the  northern  end 
of  the  railway  cutting  already  described  as  showing  XII  and  XIII. 
The  upper  layers  are  seen  on  the  west  side  of  Bad  river,  between  sta- 
tions 23  and  59,  where  they  form,  with  the  next  higher  members  of  the 
series,  a  bold  cliff  some  30  to  50  feet  in  height,  and  rising  directly  from 
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the  water's  edge.  The  width  exposed  is  about  140  feet,  corresponding 
to  a  thickness  of  126  feet  The  rock  (1,495,  1,497,  1,498)  is  black, 
aphanitic,  and  highly  slaty,  and  is  almost  exactly  like  that  of  XII. 
In  some  layers  numerous  blades  of  chiastolite,  one-fourth  to  one-half 
inch  in  length,  are  thickly  crowdetJ,  lying  chiefly  in  the  schist-plane.  , 
The  microscopic  charactei*s  of  the  rock  are  described  in  detail  by  Mr. 
Julien,  in  Appendix  B.  I  have  examined  several  other  sections  and 
they  coincide  entirely  with  his  descriptions.  The  ground-mass  of  the 
rock  is  made  up  of  biotite,  tremolite,  magnetite  and  carbon. 

Formations  XT  to  XYIII.     Alternations  of  Black  Mica-Slate 
and  Dark  Gray  Quartzite  or  Quartz-Schist. 

The  several  layers  here  included  together  are  known  on  Bad  river, 
T.  44,  E.  3  W.;  on  Tyler's  Fork,  in  T.  45,  R  1 W.,  and  again  on  the  Po- 
tato  river,  in  T.  45,  E.  1  E.  Several  small,  scattering  ledges,  noted  in 
the  eastern  }K)rtions  of  the  Huronian  belt,  and  away  from  streams,  seem 
also  to  belong  here.  The  black  slate  of  these  alternations  is  always 
aphanitic  and  in  general  closely  like  that  of  Formations  XIII  and  XIV, 
which  it  resembles  also,  at  times,  in  carrying  both  macroscopic  and  mi- 
croscopic chiastolite  crystals.  In  the  eastern  portions  of  the  Ilnrouian 
belt,  the  slate  often  approaches  the  argillites,  becoming  excessively  fine- 
grained, so  as  to  require  a  power  of  several  hundred  diameters  for  reso- 
lution. In  these  cases  it  is  often  not  so  deeply  black  in  color.  The 
blackening  material  appears  to  be  only  in  part  carbon. 

The  quartzites  and  quartz-schists  are  massive  to  thin-schistose,  dark 
gray  to  light  yellowish-grey  in  color,  and  of  a  very  fine-granular  texture, 
often  appearing  under  the  microscope  like  a  fragmental  rock. 

On  Bad  river.  The  best  exposures  of  these  layers  on  Bad  river  are  to 
be  seen  on  the  cliflf-side  already  mentioned  as  rising  from  the  west  bank 
of  the  river  near  station  266.  From  this  station  northward,  the  cHflf  con- 
tinues to  within  forty  paces  of  station  255,  trending  thence  northwest, 
with  a  diminished  height,  to  station  258.  XV,  the  lowest  of  these  alterna- 
tions, is  a  quartzite  bed  having  a  width  of  40  feet,  or  a  thickness  of  35 
feet.  Its  junction  with  the  black  slate  below  is  seen  on  the  sides  and 
top  of  the  cliflE  just  at  station  266,  and  is  an  exceedingly  irregular  line. 
The  quartzite  (1,496, 1,494J)  here  is  dark  gray,  very  fine-grained,  and 
compact.  Under  the  microscope  it  is  seen  to  be  made  up  of  angu- 
lar quartz. grains  from  0.2  to  0.5  mm.  in  diameter,  and  filled  with  mi- 
nute cavities  and  other  inclusions.  For  the  most  part  these  grains  are 
very  sharply  defined  and  separate,  though  at  times  they  merge  into  the 
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surrounding  matrix.  Next  to  the  quartz  in  abundance,  and  often  equal 
to  it  in  size,  are  milky  grains  of  orthoclase.  The  matrix  appears  quite 
confused,  and  seems  in  part  to  be  made  up  of  very  fine  quartz  and 
orthoclase  granules,  together  with  a  considerable  quantity  of  a  blackish 
substance  in  very  irregularly  shaped  particles.  At  times  this  black 
material  seems  to  form  neai'ly  the  whole  of  the  matrix,  at  others  it  is 
but  sparsely  scattered.  That  it  is  not  magnetite  is  shown  by  the  action 
of  the  magnet  on  the  powdered  rock;  and  but  little,  if  any,  can  be  of  a 
carbonaceous  nature,  judging  from  the  negative  results  obtained  in  a 
combustion  made  by  Mr.  C.  R  Vanhise,  in  the  University  laboratory. 

Beyond  this  quartzite,  on  the  same  cliff- side,  XVI  is  seen  in  place. 
It  is  a  chiastolitic,  black  slate  (1,494),  in  every  way  like  that  of  Forma- 
tion XIY.    The  total  thickness  of  the  layer  is  18  feet. 

Further  north  again,  the  cliff  is  made  up  entirely  of  the  quartzite 
XVII  (1,493),  which  has  essentially  the  same  character  as  the  rock  of 
XV,  though  occasionally  of  a  much  finer  grain.  It  forms  the  rest  of 
the  cliff  all  the  way  to  station  258. 

XVni,  on  Bad  river,  is  a  blank  460  feet  in  width. 

East  of  Bad  river.  On  Tyler's  Fork,  in  the  southwest  quarter 
of  the  northeast  quarter  of  Sec  28,  T.  45,  K.  1  "W.,  the  alternating 
quartzites  and  black  slates  are  finely  exposed  in  the  bed  of  the  stream, 
with  a  total  width  of  435  feet,  or  thickness  of  390  feet  The  dfstance 
of  these  exposures  from  the  magnetic  belt  of  the  Penokee  Kange, 
measured  across  the  strike,  seems  to  indicate  that  they  include  a  por- 
tion, at  least,  of  the  blank  numbered  XVIII  in  the  Bad  river  section. 
At  the  head  of  the  falls,  which  is  684  paces  due  west  from  the  quarter- 
post  on  the  east  line  of  Sec  28,  layers  of  a  dark  gray,  soft,  aphanitic, 
thin-laminated  slate  (2,106),  alternate  with  others  of  a  more  thickly 
bedded,  dark-colored,  very  close-grained,  but  distinctly  granular  rock 
(2,107),  and  others,  again,  of  a  light  gray,  harder  kind,  also  with  a 
distinctly,  though  very  finely  granular  texture  (2,108).  A  thin  section 
of  the  last-named  rock  shows  tliat  it  is  largely  made  up  of  angular 
quartz  grains,  with  a  smaller  number  of  orthoclase  grains,  imbedded  in 
a  cloudy  and  ochre-stained  matrix,  which  is  apparently  composed  of 
the  same  materials.  Sixty  paces  further  down  the  stream  the  appear- 
ances are  similar,  except  that  the  lighter  colored  kind  is  wanting. 
Forty  paces  further,  at  the  main  falls,  a  light  gray,  distinctly  quartzose 
and  thin-laminated  slate  (2,103)  alternates  with  layers  six  inches  to  one 
foot  in  thickness,  of  a  dark  gray,  granular-textured  rock  (2,104),  the 
thin  section  of  which,  under  the  microscope,  presents  an  appearance 
similar  to  that  of  2,108,  except  that  the  matrix  is  now  thickly  dotted 
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with  a  blackish  material  that  is  not  magnetite.  At  the  extreme  north- 
em  end  of  the  exposnres  a  similar  alternation  is  noted.  The  thin-lam- 
inated and  more  highly  slaty  layers  are  here  jet-black  and  aphanitic, 
while  the  granular  rock  of  the  heavier  layers  is  coarser  than  any  yet 
noted.  Under  the  microscope,  the  latter  presents  almost  exactly  the 
same  appearance  as  the  qnartz-schists  (1,496)  of  XY  of  the  Bad 
river  section.  The  individual  quartz  grains  run  from  0.18  mm.  to 
0.54  mm.  in  length.  "With  them  are  also  some  equally  large,  cloudy 
orthoclase  grains,  and  a  few  of  plagioclase,  the  clastic  nature  of  the 
rock  being  very  pronounced. 

Formation  XIX.    Greenstone-Sehlst. 

This  important  layer  is  known  only  in  the  vicinity  of  Bad  river, 
where  it  has  an  apparent  width  of  290  feet  The  rock  is  exceedingly 
close-grained,  aphanitic,  dark  gray  to  nearly  black,  and  massive  to  thin- 
schistose.  The  thin  sections,  beneath  the  microscope,  appear  to  be 
chiefly  made  up  of  chlorite  altered  from  hornblende,  and  an  alteration 
product  of  plagioclase,  with  pyrite  and  magnetite  as  accessories,  the 
former  being  frequently  visible  macroscopically. 

The  exposures  of  this  layer  in  the  vicinity  of  Bad  river  are  very 
large,  presenting  themselves  in  the  shape  of  a  narrow  ridge  150  to  170 
feet  in  height  and  several  hundred  paces  in  width,  rising  precipitously 
from  the  low  ground  around.  The  eastern  end  of  this  blnflE  lies  a  few 
paces  west  of  the  west  line  of  Sec  11,  T.  44,  R  3  W.,  between  stations 
55  and  251  of  Atlas  Plate  XXIIL  The  rock  seen  here  (1,442, 1,443, 
1,483  to  1,487)  is  essentially  uniform,  the  variations  being  only  slight 
ones,  in  the  fineness  of  grain  and  in  the  thickness  of  the  schist  layers, 
which  run  from  massive  ones,  many  feet  in  thickness,  to  those  that  are 
quite  thinly  slaty.  The  mineral  composition  of  the  rock  is  given  in 
detail  in  Appendix  B,  the  main  ingredients  having  already  been  men- 
tioned. Much  of  the  iron  sulphide  is  strongly  attracted  by  the  magnet, 
and  is  therefore  pyrrhotite,  instead  of  pyrite. 

Formation  XX. 

Immediately  north  of  XIX,  in  the  vicinity  of  Bad  river,  we  find  a 
wide  blank.  Part  of  this  blank  is  filled  by  exposures  of  mica-schist 
(XXI)  in  the  vicinity  of  English  lake,  but  there  remains  an  unfilled 
gap  of  about  625  paces,  to  which  the  number  XY  is  given.  It  is 
not  improbable,  however,  that  we  have  here  merely  a  continuation 
downwards  of  the  mica-schist  of  XXI. 
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Formation  XXI.    Mlca-Sclilst^  with  Intrusiye  Granite. 

This  formation  is  best  known  from  the  numerous  and  often  large 
exposures  in  the  northern  sections  of  T.  44,  R  3  "W.,  from  English 
lake  to  Bad  river.  "West  of  English  lake  its  stratigraphical  position 
id  found  to  be  occupied  by  the  coarse  gabbro  which  forms  the  base 
of  the  overlying  Keweenaw  series.  East  of  Bad  river,  however,  this 
member  is  evidently  continuous  for  the  greater  part  of  the  length  of 
the  Huronian  belt,  but  as  yet  is  known  here  only  from  somewhat  scat- 
tered, and,  with  a  few  exceptions,  small  exposures. 

On  Bad  river.  The  exposures  of  these  layers  are  not  large  in  the  im- 
mediate vicinity  of  Bad  river.  The  ledges  seen,  however,  are  of  interest 
as  occurring  in  the  immediate  vicinity  of  others  of  the  coarse  gabbro  of 
the  overlying  Keweenaw  series.  These  exposures  are  on  the  west  side 
of  the  railroad,  in  the  northwest  quarter  of  the  northeast  quarter  of  Sec 
6,  T.  44,  R  2  W.  (Nos.  18, 19, 20,  Atlas  Plate  XXIV).  The  rock  seen 
here  (2,039),  with  a  width  of  some  50  feet,  is  very  fine-grained,  gr^ish 
and  quartzose,  with  very  fine  mica  flakes  macroscopically  visible,  some 
reaching  as  much  as  one-fourth  of  an  inch  in  length.  Under  the  micro- 
scope, the  ground-mass  is  seen  to  consist  of  very  fine  quartz,  through 
which  are  scattered  numerous  minute,  greenish,  chlorite-like  flakes  and 
large  blades  of  biotite,  18  mm.  to  9  mm.  in  length.  Nearly  all  of 
these  are  vertical  sections,  showing  the  cleavage  very  beautifully.  The 
appearance  under  the  microscope  of  a  thin  section  of  this  rock  is  shown 
iQ  Fig.  3,  Plate  XV  0,  magnified  53  diameters,  the  lower  nicol  only  at- 
tached to  the  microscope.  One  biotite  blade  is  figured  in  the  section 
in  three  positions,  showing  the  dichroism. 

West  of  Bad  river.  In  the  sections  immediately  west  of  Bad  river, 
as  far  as  English  lake,  ledges  of  mica-schist  are  frequent,  occurring 
for  the  most  part  on  the  south  slope  of  the  ridge  next  north  of  the 
Penokee  Bange.  Taken  altogether,  these  exposures  acquaint  ns 
with  nearly  the  whole  thickness  existing  here  of  this  portion  of  the 
series.  The  lowest  layers  seen  are  those  exposed  on  the  south  shore  of 
English  lake,  on  the  northwest  quarter  of  Sec.  9,  T.  44,  R  3  W.,  less 
than  100  paces  from  the  section  line,  where  is  a  ledge  50  feet  long 
and  15  feet  high.  The  rock  seen  here  (73)  is  fine-grained  to  aphanitic 
and  dark  grayish-black,  with  rather  distinct  lamination,  and  sp.  gr.  2.53. 
Under  the  microscope,  the  thin  section  shows  a  white  ground-mass 
composed  almost  wholly  of  quartz,  through  which  are  scattered  numer- 
ous  minute  flakes  of  biotite.  The  pulverized  rock  yields  no  magnetite. 
On  the  north  shore  of  the  lake  the  same  rock  (74)  is  seen  on  the  south- 
VoL.IU.-10 
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west  quarter  of  Sec.  4, 100  feet  east  of  the  section  line,  and  again 
further  west  along  the  lake  shore  (77,  78,  79),  a  few  rods  east  of 
the  outlet  of  the  liie.  Other  exposures  are  seen  for  some  500  paces 
north  of  the  lake,  on  the  west  line  of  Sec.  4.  All  of  these  places  show 
essentially  the  same  rock  (75;  sp.  gr.,  2.96).  The  ledge  mentioned  as 
near  the  outlet  of  the  lake  is  some  200  feet  in  length,  showing  about  40 
feet  in  thickness  of  very  distinct  layers,  running  from  one-eighth  of  an 
inch  to  twenty- three  inches  in  width.  The  strike  is  N.  65*  E.,  and  the 
dip  74*  N.  Under  the  microscope,  a  thin  section  of  this  rock  shows 
that  it  is  the  same  as  that  from  the  south  shore  of  the  lake,  but  much 
coarser;  the  mica-flakes  and  blades  often  much  shattered,  running  from 
0.04  mm.  to  0.14  mm.  in  length.  These  mica  particles  present  two 
general  colors,  a  very  light  yellowish-gray  characterizing  those  in 
which  the  basal  cleavage  is  apparent,  while  those  lying  in  the  plane  of 
the  section  are  from  a  yellowish-brown  to  a  reddish-brown,  the  latter 
color  being  the  result  of  an  ochreous  decomposition.  Scattered 
through  the  quartz  ground-mass  are  also  black  particles,  both  of  mag- 
netite and  hematite,  the  latter  often  0.3  mm.  in  diameter  and  of 
hexagonal  shape.  The  appearance  of  the  thin  section  of  this  rock 
magnified  53  diameters  is  shown  on  Fig.  1  of  Plate  XV  0. 

From  their  position,  it  is  evident  that  the  exposures  in  the  vicinity 
of  English  lake  stretch  over  a  large  portion  of  the  blank  above  XIX 
in  the  Bad  river  section.  This  will  be  best  understood  from  an 
inspection  of  Plate  XV  B. 

Other  large  and  continuous  exposures  of  these  mica-schists  are  seen 
on  and  near  the  west  line  of  Sec.  2,  T.  44,  K.  3  W.  Beginning  30  paces 
north  and  50  east  of  the  southwest  comer  of  Sec.  2,  we  find,  in  the  bed 
and  on  the  sides  of  a  small  and  rapid  stream  flowing  southward,  ex- 
posures extending  northward  for  over  400  paces.  The  southernmost  of 
these  shows  a  very  plainly-bedded,  in  places  slaty  rock  (2,001),  striking 
N.  65*  to  70*  E.,  which  both  macroscopically  and  microscopically  is 
nearly  identical  with  that  seen  on  the  south  shore  of  English  lake.  A 
full  description  of  a  thin  section  of  this  rock  will  be  found  in  Mr. 
Julien's  report.  One  hundred  paces  further  north  there  is  a  change 
to  a  lighter  colored  kind  (2,002;  sp.  gr.,  2.69),  the  lighter  color  being 
due,  as  shown  under  the  microscope,  to  the  presence  of  numerous  grains 
of  quartz  which  are  much  larger  in  size  than  those  of  the  matrix, 
reaching  0.28  mm.  in  diameter.  At  150  paces  the  rock  (2,003;  sp.  gr., 
2.68)  is  darker  again,  and  at  200  paces,  quite  light-colored  and  highly 
qnartzose.    Further  north  to  430  paces,  the  exposures  are  poor. 

At  500  paces  north  from  the  southwest  corner  of  Sec  2,  after  passing 
an  interval  without  exposures,  we  meet  a  light  gray,  highly  micaceous 
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rock  (2,005;  sp.  gr.,  2.62),  which  differs  from  the  foregoing  kinds  in 
containing  an  abundance  of  macroscopically  visible  black  and  silvery 
mica,  the  latter  much  the  coarser.  Twenty-five  paces  further  north  we 
find  a  change  to  a  very  light-gray,  highly  quartzose.  fine-grained  kind 
(2,006;  sp.  gr.,  2.65),  in  which  are  visible  very  close  lamination-lines, 
marked  by  thickly  crowded,  fine,  black  mica  scales,  which  are  also  dis- 
seminated throughout.  The  thin  section  of  this  rock,  under  the  micro- 
scope, shows  quartz  greatly  predominating,  in  grains  from  0.09  to  0.18 
mm.  in  diameter;  orthoclase,  cloudy  and  as  large  as  the  quartz,  though 
less  abundant;  and  biotite,  in  scales  like  those  in  the  rock  from  English 
lake,  but  much  more  sparsely  scattered,  the  blades  having  a  general 
length  of  0.22  mm.  This  rock  extends  for  22  paces,  when  it  gives  place 
to  a  coarser  kind  (2,007),  similar  to  that  which  preceded  it  (2,005). 
Only  a  few  paces  beyond  this  gives  way  again  to  a  light-colored  variety 
(2,008),  as  before.  In  contact  with  this,  and  penetrating  it,  we  find  a 
coarse,  pink-white-and-black-mottled  granite  (2,009),  containing  pink 
orthoclase  up  to  four- tenths  of  an  inch  in  diameter;  gray  translucent 
quartz  up  to  two-tenths  inches;  black  lustrous  biotite,  abundant  in  fine 
flakes;  and  much  rarer  whitish  plagioclase,  up  to  one- tenth  inch.  The 
appearance  of  a  thin  section  of  this  rock,  magnified  15  diameters,  is 
given  in  Fig.  2,  Plate  XV  0.  On  the  north  side  of  this  ledge,  at  555 
paces  north  of  the  section  comer,  a  fine-grained,  dark  gray  mica-schist 
is  seen,  in  which  the  fine,  glistening,  black  biotite  scales  predominate 
over  the  other  ingredients.  The  thin  section  shows  that  we  have  here 
essentially  the  same  rock  as  seen  on  the  shore  of  English  lake  (78),  and 
figured  at  Fig.  1,  Plate  XV  0,  the  only  difference  being  the  much  larger 
quantity  of  mica  scales.  Just  beyond  this  rock  is  seen  more  of  the 
light-gray  highly  quartzose  kind  described  several  times  before. 

Following  the  section  line  northward,  we  pass  a  blank  of  35  paces  to 
a  point  595  paces  north  of  the  comer.  Here  we  find  fine-grained,  black 
mica-schist  (2,015)  glistening  with  the  minute  mica  scales,  and  pene- 
trated by  a  large  quantity  of  very  coarse,  porphyritic,  pink  granite  (2,014). 
At  625  paces  the  fine-grained,  black  mica-schist  (2,017,  2,018)  is  again 
seen. 

Further  north  on  this  line  there  are  no  ledges  as  far  as  285  paces 
north  of  the  west  quarter-post  of  Sec.  2,  where  is  an  exposure  of  hora- 
blende-gabbro  of  the  Keweenawan  series. 

Within  Sec.  2  are  a  number  of  other  outcrops  of  these  members  of  the 
series,  showing  the  essential  continuity  of  the  rock.  Only  a  few  of  these 
were  located  with  sufficient  accuracy  to  be  placed  on  the  map. 

About  100  paces  north  and  500  east  of  the  southwest  comer  of  Sec. 
2,  are  exposures  of  blackish  mica-schist  (1,488).    Another  large  expos- 
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nre  350  paces  north  and  550  east  of  the  same  point  shows  a  coarser  kind 
(1,490, 1,491, 1,492),  which  has  evidently  been  shifted  southward  by  the 
fault.  The  rock  seen  here  is  plainly  laminated  and  even  gneiss-like.  Fine 
glistening  black  mica,  weathering  brown,  is  very  abundant,  and  readily 
seen  macroscopically.  The  lighter  bands  contain  quartz  and  feldspar. 
In  one  place  a  narrow  band  of  diorite  was  noted,  possibly  a  dike. 

East  of  Bad  river.  A  number  of  exposures  of  the  layers  of  this 
formation  have  been  observed  extending  all  the  way  to  the  Michigan 
line.  These  outcrops  are  for  the  most  part,  however,  distant  from  each 
other. 

On  the  north  line  of  Sec.  5,  T.  44,  R  2  W.,  about  500  paces  west  of 
the  northeast  comer,  is  a  steep  bluff  facing  north  and  west  towards  the 
valley  of  a  small  branch  of  Bad  river.  The  top  oi  this  bluff,  for  sev- 
eral hundred  paces,  shows  nearly  continuous  rock  exposures,  in  some 
cases  with  a  height  of  as  much  as  25  feet  South  of  the  section  line 
the  face  of  the  hill  curves  more  and  more  to  the  west,  and  finally  to  a 
southeasterly  direction  (Atlas  Plate  XXIV).  On  the  section  line,  and 
for  about  50  paces  southwest  along  the  face  of  the  hill,  the  rock  in 
sight  is  a  rather  fine-grained,  dark-gray  gabbro,  as  described  on  a  sub- 
sequent page.  Beyond  this  point  southward  it  is  a  dark-colored  to 
nearly  black,  very  fine-grained  mica-schist  (3,172)  sparkling  with  minute 
mica  facets,  and  resembling  closely  much  of  the  rock  seen  on  the  west 
line  of  Sec.  2,  T.  44,  R.  3  W.  Under  the  microscope  we  have  the  usual 
background  of  qaartz  and  orthoclase,  sparsely  scattered  through  which 
are  elongated,  highly  dichroitic  mica  blades,  reaching  0.18  mm.  in 
length.  Further  south  along  the  cliff  gabbro  again  appears  to  come 
in,  thus  apparently  penetrating  the  mica-schist  in  branches. 

Further  east,  in  the  southeastern  part  of  T.  45,  R  2  W.,  the  mica- 
schist  belt  widens  considerably,  and  we  meet  here  higher  layers  than 
those  seen  in  the  vicinity  of  Bad  river.  These  upper  layers,  which  are 
recognizable  from  here  all  the  way  to  the  Montreal  river,  are  much  less 
micaceous  than  the  lower  parts  of  the  formation,  often  grading  into  a 
light  gray  quartz-schist,  the  thin  section  of  which  under  the  micro- 
scope shows  an  aggregation  of  angular  quartz  grains  with  less 
abundant  ones  of  orthoclase,  and  displays  often  a  great  similarity  to 
the  thin  section  of  the  qnartz-schists  of  Formations  XV  to  XVIIL 

In  T.  45,  R.  2  W.  these  light  gray  rocks  are  exposed  in  the  stream 
near  the  south  quarter- post  of  Sec.  27,  and  again,  feebly,  in  the  stream 
on  the  south  line  of  the  southwest  quarter  of  Sec.  26.  In  the  former 
place  there  is  a  fall  of  the  creek  over  this  schist,  which  has  here  a  width 
of  some  20  paces,  strikes  N.  72*  E.,  and  dips  at  a  high  angle  to  the 
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northward.  As  seen  here  the  rock  (3,164,  3,165)  is  very  fine-grained, 
h'ghtgray,  porous- textured,  and  very  distinctly  and  evenly  bedded,  often 
showing  on  close  inspection  even  a  fine  lamination.  Under  the  micro- 
scope the  thin  section  appears  made  almost  wholly  of  minute  angular 
quartz  and  orthoclase  grains,  and  rare  particles  of  chlorite  and  mica. 
The  rock  exposed  in  the  stream  on  the  south  line  of  Sec.  26  is  precise- 
ly similar  in  its  characters. 

The  lower  layers  of  XXI  are  again  in  sight  in  the  bed  of  Ty- 
ler's Fork,  on  the  south  line  of  Sec.  21,  T.  45,  R.  1  W.  The  exposures 
are  not  large,  but  indicate  in  all  a  width  of  not  less  than  150  paces. 
The  northernmost  observed  are  50  paces  north  of  the  section  line.  The 
rock  (2,097,  2,098,  2,099)  is  a  black,  aplianitic,  conchoidal- fracturing 
slate. 

Other  exposures  of  XXI  are  known  in  the  northeast  quarter  of  Sec.  13, 
T.  45,  E.  1  W".,  where  the  rock  is  a  dark  gray  to  black  aphanitic  slate 
belonging  to  the  middle  or  the  lower  portion  of  the  formation;  in  the 
bed  of  Potato  river,  on  the  east  line  of  the  southeast  quarter  of  Sec. 
12  of  the  same  township,  where  the  rock  is  a  fine-grained,  very  dark 
gray  quartz-schist,  the  thin  section  of  which  bears  a  close  resemblance 
to  that  of  the  quartz-schist  of  XV  on  Bad  river;  near  the  southeast 
comer  of  Sec.  6,  T.  45,  R  1  E.,  where  are  large  exposures  of  an 
aphanitic,  dark  to  light  gray,  slaty,  quai'tzose  mica-schist,  belonging  very 
near  the  top  of  the  formation;  in  the  northern  part  of  Sec  3,  T.  45, 
R.  1  E.,  and  southern  part  of  Sec  34,  T.  46,  K.  1  E.,  where  the  rock  is 
very  much  the  same,  and  at  the  same  horizon  as  the  last  point  named; 
in  the  west  part  of  Sec  36,  T.  46,  R.  1  E.,  where  black  slates  and  light 
gray  quartz-schists  are  associated  together;  in  about  the  southeast 
quarter  of  Sec  25,  T.  46,  K.  1 K,  where  the  rock  is  dark  gray,  aphanitic, 
slaty,  and  highly  pyritiferous,  and,  as  shown  under  the  microscope, 
largely  composed  of  angular  quartz  and  orthoclase  grains  from  .045 
mm.  to  .13  mm.  in  diameter;  in  the  southwest  quarter  of  Sec  30,  T. 
46,  R.  2  E.,  where  the  same  rock  is  seen ;  and  in  the  vicinity  of  the  Lac 
Flambeau  trail,  northwest  quarter  of  Sec.  29,  T.  46,  R.  2  E.,  where  the 
rock  is  exactly  the  same  quartzose  kind ;  all  of  the  four  last  named 
exposures  being  in  the  upper  part  of  the  formation.  A  fine-grained, 
red,  feldspathic  quartzite  exposed  in  the  immediate  vicinity  of  large 
ledges  of  diabase-amygdaloid  of  the  Keweenaw  series  near  the  Mon- 
treal river,  and  in  the  extreme  northeast  corner  of  Sec.  14,  T.  46, 
B.  2  E.,  belongs  also  to  the  uppermost  beds  of  this  formation. 
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THE  PENOKEE  FAULT. 

This  interesting  break  has  been  alluded  to  in  the  foregoing  pages 
a  number  of  times,  but  no  particular  account  of  it  has  yet  been 
given.  The  main  facts  which  determine  its  existence  and  exact 
position  are  therefore  brieflj  stated  here,  further  details  being 
supplied  by  the  large-scale  map  of  the  vicinity  of  Penokee  Gap,  Atlas 
Plate  XXIIL  For  a  clear  understanding  of  what  follows,  this  map 
must  constantly  be  consulted.  It  may  be  said  here  that  the  disloca- 
tion, though  so  absolutely  determined  by  the  facts  in  hand,  is  by  no 
means  readily  perceived  on  the  ground,  the  heavy  forests  that  every- 
where clothe  the  surface  of  the  country  making  it  impossible  to  form 
any  correct  idea  of  the  relative  positions  of  ledges,  except  by  actual 
measurement.  The  recent  clearing  and  excavation  along  the  line  of 
the  Wisconsin  Central  have  now  somewhat  lessened  these  diflSculties. 

Eeferring  to  Atlas  Plate  XXIII,  we  note  the  principal  facts  that 
determine  the  fault,  beginning  at  the  southern  side  of  the  Huronian. 

Following  the  north-85*-east  strike-lines  of  the  large  surfaces  of 
slate  (III)  seen  on  the  flanks  of  the  hill  near  stations  143, 144,  etc., 
eastward,  we  come,  after  crossing  a  blank  space  less  than  200  paces  in 
width,  upon  cliffs  of  banded  magnetitic  quartz-schist  rising  from  the 
east  bank  of  Bad  river.  The  northern  end  of  these  does  not  reach  as 
far  north  as  the  northern  border  of  the  slate,  while  to  the  southward 
the  exposures  of  magnetitic  rock  extend,  not  only  entirely  beyond  the 
slate  in  that  direction,  but  also  across  the  courses  of  the  limestone  (I) 
and  quartzite  (II),  and  of  the  Laurentian  gneiss,  as  seen  on  the  river  and 
in  the  railway  cutting  near  station  122.  That  these  magnetitic  schists 
are  tlie  same  as  those  found  north  of  the  siliceous  slate  (III)>  on  the 
west  side  of  Bad  river,  is  proven  by  (1)  the  existence  of  the  same  sub- 
divisions in  both;  (2)  the  occurrence  of  exposures  of  siliceous  slate  south 
of  the  eastern  magnetitic  schists;  (3)  the  direct  continuity  of  the  mag- 
netitic schists  on  both  sides  of  the  fault  with  the  single  magnetic  belt 
of  the  Penokee  Bange,  beneath  which  is  always  found  the  same  sili- 
ceous slate;  and  (4)  by  magnetic  observations.  By  noting  the  arrows 
on  the  map  and  sections  of  Plate  XXIII,  and  on  the  other  detail-maps 
of  the  Huronian,  it  will  be  observed  that  the  greatest  deviations  of  the 
needle  from  the  normal  direction  occur  always  just  on  the  northern 
edge  of  the  magnetic  belt,  the  whole  body  of  the  attracting  mass 
exerting  its  influence  in  one  direction.  The  arrows  of  the  east  and 
west  row  that  follow  the  northern  edge  of  the  magnetic  belt,  wtbt  of 
the  fault  line,  suddenly  recover  from  their  abnormal  directions  eaH  of 
that  line.    Moreover,  in  order  to  find  a  row  of  south-pointing  arrows 
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ecut  of  the  fault  line,  we  mnst  move  southward  300  paces,  or  to  the 
northern  edge  of  the  magnetitic  schists  east  of  Bad  river. 

Continuing  onr  references  to  Plate  XXIII,  we  note,  east  of  the  fault 
line,  on  the  bank  immediately  above  station  150,  and  close  to  the  rail- 
road track,  large  ledges  of  black  slate  (V).  These  extend  south  to 
contact  with  the  underljing  magnetic  belt,  a  thin  layer  of  aphanitic 
gametiferous  actinolite-schist  marking  the  junction.  Following  the 
north-of-west  strike-lines  of  the  slate  westward,  we  encounter,  in  a 
distance  of  only  100  paces,  faces  of  the  banded  magnetitic  rock  of  IV, 
rising  from  the  west  bank  of  Bad  river,  wliile  300  paces  further  west, 
other  larger  ledges  of  IV  extend  entirely  across  tl.e  apparent  position 
of  the  black  slate.  Searching  now  for  the  black  slate  west  of  the  fault 
in  its  true  position  north  of  the  magnetic  belt,  we  fail  to  find  it  ex- 
posed, but  the  peculiar  gametiferous  rock  that  marks  its  base  is  seen 
in  a  continuous  ledge  for  several  hundred  paces  eastward  from  station 
32.  The  occurrence  of  such  a  narrow  and  peculiar  layer  serves  to  fix 
very  exactly  the  amount  of  dislocation. 

While  the  facts  thus  far  given  serve  to  demonstrate  the  existence  of 
a  fault,  and  to  determine  the  amount  of  displacement,  they  do  not  fix 
the  position  of  the  fault  line,  the  width  of  the  open  space  between  the 
ledges  on  either  side  of  the  break  leaving  it  possible  for  this  line  to 
trend  in  any  direction  from  due  north  to  25*  west  of  north.  As  far  as 
the  lower  layers  of  the  series  are  concerned,  this  is  a  matter  of  no  im- 
portance; but  farther  north,  unless  the  course  of  the  break  is  quite 
closely  known,  it  becomes  doubtful  as  to  the  side  of  the  fault  on  which 
several  important  exposures  belong,  and  an  uncertainty  as  to  the  true 
succession  of  layers  is  thus  introduced.  Fortunately,  however,  the  ex- 
posures in  the  vicinity  of  the  falls  of  Bad  river,  in  the  southwest  quarter 
of  Sec.  11,  serve  to  fix  the  exact  position  of  a  part  of  the  northern 
extension  of  the  line,  and  so  to  determine  its  whole  course  closely 
enough.  The  ledges  referred  to  are  seen  near  stations  214, 215,  etc.,  of 
Plate  XXin,  in  the  bed  of  Bad  river,  on  the  sides  of  the  railway  cut- 
ting just  east,  and  in  the  excavations  between.  The  rocks  seen  here 
have  already  been  described  in  detail  on  pages  139  to  140.  That  in  the 
river  is  a  massive  diorite,  while  the  cutting  and  excavations  east  of  it  show 
a  black  aphanitic  mica  slate.  The  fault  line  beyond  doubt  passes  be- 
tween the  two,  since  the  diorite  lies  directly  across  the  course  of  the 
slate.  To  determine  more  exactly  the  relative  positions  of  these  ex- 
posures,  a  series  of  transit  and  chain  measurements  was  made  by  Mr. 
Thomas  Barden,  of  Ashland,  under  my  instructions.  These  served  to 
confirm  entirely  the  rougher  measurements  I  had  made  with  hand 
compass  and  pacing.    The  abnormal  northwest  direction  of  the  slate 
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layers  in  tbe  cutting,  and  the  remarkable  display  of  dislocation  just 
west,  are  evidently  connected  with  the  proximity  of  the  fault  line. 

The  southern  part  of  the  break,  as  placed  on  the  map,  is  made  to 
pass  up  the  ravine  near  station  135,  because  the  high  rounded  hill  to 
the  west  appears  to  be  made  up  of  the  Laurentian  gneiss  and  granite. 

To  the  northward,  the  fault  evidently  extends  quite  across  the 
Huronian  series,  but,  on  account  of  the  great  thickness  of  the  upper 
mica-schist  members,  and  the  great  distance  between  exposures,  it 
would  be  impossible  to  determine  here  the  amount  of  dislocation. 

An  inspection  of  the  map  of  Plate  XXIII  will  bring  out  the  inter- 
esting fact  that,  near  to  the  line  of  displacement,  the  strike  directions 
of  the  several  layers  are  abnormal,  there  being  a  curve  northward  to- 
wards the  line  on  both  sides,  but  much  more  marked  on  the  east  This 
may  be  explained,  on  the  supposition  that  the  fault  is  a  vertical  one, 
by  the  warped  condition  of  the  several  strata,  before  faulting.  Regard- 
ing the  displacement  as  a  horizontal  one,  the  pressure  coming  from  the 
south,  the  bending  of  the  strike  lines  may  be  looked  upon  as  due  to 
the  rubbing  of  the  sides  of  the  fault. 

It  is  quite  impossible  to  determine  whether  the  displacement  is  ver- 
tical or  horizontal.  The  former  kind  is  the  common  one,  the  horizon- 
tal displacement  in  such  cases  being  apparent  only,  and  resulting  from 
the  inclined  position  of  the  strata.  Looking  at  it  in  this  light,  the 
"dovm- throw"  is  on  the  east  side,  and  the  total  amount  of  vertical 
descent  over  1,700  feet,  as  figured  from  the  apparent  horizontal  dis- 
location and  dip  angle.  It  is  evident  that  this  is  a  point  of  practical 
importance,  since  if  this  explanation  is  the  correct  one,  the  exposures 
of  magnetic  rock  on  the  east  of  the  fault  line  tell  us  what  we  would  find 
on  the  west  side  of  the  break,  after  sinking  about  1,900  feet  in  the  direc- 
tion of  the  dip.  The  cause  for  a  horizontal  displacement  could  readily 
be  found  in  the  tangential  pressure  inward  of  the  sides  of  the  Lake  Su- 
perior trough,  but  how  a  limited  horizontal  shove  could  take  place 
against  an  unyielding  mass  of  rock  it  is  difficult  to  perceive. 

ECONOMIC  GEOLOGY  OF  THE  HURONIAN  SERIES.' 

The  only  materials  occurring  in  this  series  of  probable  economic  im- 
portance are  the  iron  ores.  All  experience  in  the  regions  bordering  the 
southern  side  of  Lake  Superior  has  shown  that  the  iron  ores,  which  here 
often  reach  a  quite  extraordinary  development  in  richness  and  purity, 

*  In  Vol.  I  of  this  series  of  reports,  the  writer  gives  a  general  practical  discussion  of 
the  principles  of  which  a  knowledge  is  essential  to  the  iron  explorer,  more  espedally 
with  reference  to  the  Haronian  formation  of  the  Lake  Superior  country.  These  points 
are  therefore  not  here  treated  oL 
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are  entirely  pestrioted  to  the  Huronian,  none  at  all  occurring  in  the 
Laurentian  or  Keweenawan  syBtems,  or  in  the  horizontal  Lower  Silu- 
rian sandstones.  This  fact  being  recognized,  it  will  at  once  be  seen 
that  the  accurate  tracing  of  the  boundaries  of  the  Huronian  area  be- 
comes a  matter  of  great  practical  importance.  This  has  been  done  with 
care,  and  the  results  given  on  the  accompanying  maps,  so  that  the  pos- 
sible  iron-bearing  ground  is  definitely  known.  Moreover,  the  strati- 
graphy of  the  series  having  been  largely  worked  out,  the  ground  that 
is  possibly  iron-bearing  is  restricted  within  still  narrower  limits.  In 
the  &mous  Marquette  region  of  Michigan  it  has  thus  far  been  the  ex- 
perience that  all  workable  deposits  of  ores  of  iron  have  been  found  in 
connection  with  one  particular  member  of  the  series,  while  below  there 
are  several  beds  holding  leaner  ores,  or  magnetitic  and  specular  schists. 
It  is  shown  on  a  subsequent  page  that  there  is  at  least  a  remarkable  sim- 
ilarity between  the  succession  of  layers  in  the  Penokee  series  and  that  of 
the  Marquette;  and,  moreover,  that  the  equivalents  of  the  several  lower 
layers  of  lean  ore  as  known  in  Michigan  are  to  be  found  in  the  "  mag- 
netic belt,"  IV  of  the  Penokee  system.  It  is  also  shown  that  the  ap- 
proximate equivalent  of  the  rich  ore  belt  of  the  Marquette  series  is  to 
be  found  in  VI  of  the  Penokee  series,  which  has  a  width  of  over  900 
feet,  and  is  for  the  most  part  a  drift-covered  blank,  without  exposures, 
no  ore  as  yet  being  known  to  exist  within  its  limits.  The  subject 
resolves  itself  at  once  then  into  two  divisions,  (1)  the  value  of  the  iron 
ores  of  the  magnetic  belt,  and  (2)  the  questioii  of  the  probable  exist- 
ence of  ores  in  a  higher  portion  of  the  series. 

The  Magnetic  Belt.  The  existence  of  the  magnetic  belt  of  the  Hu- 
ronian of  north  Wisconsin  was  first  noted  in  1848  by  Dr.  Randall,  one 
of  the  corps  of  geologists  under  Dr.  D,  D.  Owen,  whilst  following  the 
Fourth  Principal  Meridian  northward.  The  next  season  Col.  Charles 
Whittlesey,  also  one  of  Dr.  Owen's  assistants,  traced  the  magnetic  belt 
from  the  point  found  by  Dr.  Randall,  we>stward  to  the  vicinity  of  English 
lake.^  In  Dr.  Owen's  final  report  are  given  the  results  of  Col.  Whittlesey's 
explorations,  covering  several  paj;33.  No  analyses  were  made,  except  one 
or  two  of  picked  specimens,  which,  of  course,  showed  a  high  percentage 
of  iron,  though  even  one  of  these  yielded  over  20  per  cent,  of  silica.  Col. 
Whittlesey's  opinion  appears  to  be  summed  up  in  the  statement  that 
bruising  and  stamping  is  "  a  process  which  all  must  undergo  in  order  to 
be  profitably  worked  in  the  forges."  ^  Soon  after  the  publication  of 
Dr.  Owen's  i-eport,  quite  an  excitement  was  raised  with  regard  to  iron 
in  the  Lake  Superior  country,  and  nearly  every  quarter-section  along 

'  0wen*8  "  Geological  Survey  of  Wisconsin,  Iowa  and  Minnesota,**  p.  444. 
•Ibid.,  p.  447. 
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the  Penokee  Eange  had  erected  on  it  a  preemptor's  cabia.^  Iso  actual 
mining,  however,  was  attempted,  and  the  locations  were  soon  abandoned. 
In  1860,  Col.  Whittlesey  made  a  second  survey  of  the  region,  on  part 
of  the  state  of  Wisconsin,  but  his  report  was  never  published.  Some 
of  the  results  of  his  later  surveys  are,  however,  briefly  given  in  several 
reports  to  mining  companies,  and  other  pamphlets.  He  appears  to 
have  thought  well  of  the  qualities  of  the  ores,  although  recognizing 
their  siliceous  character,  and  to  have  recommended  to  several  companies 
the  opening  of  mines,  and  the  erection  of  iron  works.*  No  analyses  are 
referred  to  in  these  later  reports,  other  than  those  of  Dr.  Owen  —  made, 
as  already  said,  on  picked  specimens. 

In  1858  Dr.  I.  A.  Lapham  examined  the  magnetic  belt  of  the  Peno- 
kee Eange  from  Tyler's  Fork  to  the  end  of  the  ridge  in  Sec.  24,  T.  44, 
K.  4  W.,  on  behalf  of  a  Milwaukee  iron  company,  to  whom  he  made  a 
report  which  was  afterwards  published.  The  opinion  he  formed  of  the 
ore  belt  is  given  in  the  following  words:  •  "  It  will  be  seen  that  we  have 
already  discovered  good  ore  in  such  quantities  as  to  be  practically  in- 
exhaustible, situated  at  points  accessible  to  water-power  and  having 
bold  fronts,  rendering  it  comparatively  easy  to  be  quarried.  For  many 
years  to  come  only  the  richest  and  most  accessible  ores  can  be  brought 
into  use,  rejecting,  at  least  for  the  present,  all  such  as  have  too  large  a 
proportion  of  silica,  and  as  are  not  in  a  condition  to  be  easily  and 
cheaply  removed  from  tlie  natural  bed."  Dr.  Lapham  does  not  refer  to 
any  new  analyses. 

In  order  to  form  as  nearly  correct  an  opinion  as  possible  from  the 
facts  in  hand,  it  is  necessary  to  remember,  first  of  all,  that,  to  be  work- 
able, these  hard  or  siliceous  ores,  the  only  kind  likely  to  be  found  in 
connection  with  the  magnetic  belt,  except,  perhaps,  at  its  eastern  end, 
must  occur  in  a  deposit  a  number  of  feet  in  thickness,  containing  as  a 
whole  not  less  than  50  percent,  of  metallic  iron;  while  for  a  first 
class  ore,  the  iron  content  must  be  over  60  per  cent.  These  figures  are 
determined  partly  by  the  nature  of  the  ore — a  quartzose  mixture  always 
raising  the  percentage  at  which  an  iron  ore  may  be  profitably  treated — 
but  also  largely  by  the  great  abundance  of  the  richer  ores  in  the  neigh- 
boring portions  of  Michigan.  The  large  amount  of  these  richer  ores 
occurring  in  the  Marquette  and  Menomonee  districts  renders  un- 
merchantable the  much  greater  quantities  of  the  leaner  ores  existing 
in  the  same  regions. 

>  The  Penokee  Iron  Range,  VyChariesWhitUesey.    Proc.  Boston  Soc  Nat  ffigt,  Vol. 
rV,  July  1863. 
*  Report  to  the  Magnetic  Iron  Company,  Cleveland,  Ohio,  1872. 
'The  Penokee  Iron  Range,  MQwaokee,  1859. 
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In  order  condusiveljr  to  prove  the  percentage  of  iron  in  the  outcrop- 
ping ores  of  the  Penokee  Eange,  during  the  field  work  of  1873,  a  very 
carefully  selected  series  of  samples  for  analysis  was  obtained  from 
every  outcrop  visited.  This  was,  indeed,  quite  unnecessary  to  one  ex- 
perienced in  the  recognition  of  iron  ores,  but  was  resorted  to  in  obe- 
dience to  instructions,  and  also  that  the  conclusions  reached  might  be 
based  on  something  more  than  expert  opinion.  The  samples  for 
these  analyses  were  never  single  specimens,  but  were  obtained  by 
breaking  small  fragments  from  all  across  the  faces  of  exposures. 
From  these,  after  breaking  and  thoroughly  mixing  on  the  ground, 
smaller  samples  of  about  a  pound  or  so  in  weight  were  selected. 
Th^e  were  still  farther  pulverized  and  mixed  in  the  laboratory, 
before  analyzing.  As  a  rule,  those  outcrops,  in  which  the  rock  ad- 
mixture was  more  than  usually  great,  were  not  sampled,  so  that  tlie 
analyses  may  be  taken  as  representing  the  very  best  of  the  outcropping 
ores.  Some  of  these  analyses  have  already  been  given  in  connection 
with  the  detailed  description  of  the  magnetic  belt,  but  all  are  grouped 
together  here  for  convenience  of  reference.  "With  each  analysis  is  men- 
tioned the  exact  location  of  the  ledge  from  which  the  sample  was  taken, 
and  the  number  of  feet  in  thickness  represented,  the  thickness  being 
of  course  measured  at  right  angles  to  the  bedding.  In  the  pages  de- 
scribing the  magnetic  belt,  each  of  the  ledges  represented  by  the  analy- 
ses, as  also  a  number  of  others,  will  be  found  described  in  detail. 
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Table  I— AT  PENOKEE  GAP. 


Sesquiozide  of  iron. 
Protoxide  of  iron. . . 

Silica. 

Alumina 

Lime 

Magnesia 

Mangranese  osdde  . . 
Phoephoric  acid. . . . 

Sulphur 

Water 


Totals. 


Magnetic  oxide . 
Specular  oxide.. 


Totals. 


1.        2. 


MetalHc  iron 44.941 

Phosphorus none 


17.103 


42.897 
19.173 
31.8>58 
0.384 
1.373 
1.293 
1.126 
none 
none 
0.378 


15.535 
7.851 


93.462 


50. 
11.402 


i.    5.    6 


49.4036.693  44.03 
none,   trace,  trace. 


none 


668123.386 
none 


i62.070  23.386 


:34.770 
15.819 
27.0342.896 
none 
1.330 
2.623 
1.726 
trace, 
trace 
0.471 


99.735 


50.3891 
none 


50.389' 


trace. 


15.871 
0.009 


41.465 


88549 


43. 

19.479 
34.0030.734 
none 
1.910 
1.6:52 
0.873 
0.021 
none 
0.5451 


99.079 


62.754129 
0.61029 


63.305 


.157 
9.070 


.225 

.002 


19.203 


58.227 


KoTis.— All  of  the  abnTo  Uken  n>om  the  ^'west  blnff^*  at  Pcnokee  Gap,  north  west  qnarter  Sec 
14,  T.  44,  R. 8  W.  See  description  eUewhere.  1  represents  thickness  of  19  leet;  S,  7  feet,  0  inches; 
8, 18  feet;  4, 10  feet;  &,  86  feet;  6,  tame,  a  little  higher  op;  7, 4^  feet  in  5;  8,  one  foot. 


Table  XL -AT  PENOKEE  GAP. 

P. 

10. 

11. 

12. 

13. 

li. 

Mptallic  iron  .•••.•.••••••••. 

43.292 

62.21 

57.520 

13.801 

51.373 

68  042 

ProtoTidft  of  iron ...,•••••••.. 

16.598 
43.402 

24.602 
54.825 
17.276 

Spfinninxide  of  iron .    ••>••••.. 



Silica. 

TnBolnble  siliceous  matter 

40.693 

Alnminfl.  ........••■•••.•••.. 

none. 
2.043 
0.660 
0.625 
trace, 
trace. 
0.282 

Tiinie  •••••••••••••••••..•••« 

l^iumpai&  ....•••..•••••••••• 

If ftnflrnnefle  oxide ..•••.••••••. 

Phosphoric  acid. •. 

Sulp^iur 

W'ater 

Totals 

100.693 

100.323 

Magnetic  oxide 

53.482 
6.518 

79.273 
0.154 

Totals 

60.000 

79.427 

Mons.— 9,  *' Banded  Ore,''  7  feet;  10,  layer  of  ma^pictite  in  9,  2  inches;  12,  rock  between  taami 
of  magnetite  In  9;  11,  granular  niapietite,  10  inch  seam,  richest  portion;  18,  same,  aterage  of 
whole  10  inches;  14,  seam  of  magnetite  in  banded  ore. 
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Table  UL  — WEST  OF  PENOKEE  GAP. 
Northeast  Quarterof  Sec,  15,  T.  44,  R,  3  W, 

15 

16 

17 

18 

19 

20 

21 

22' 

22* 

23 

Metallic  iron.... 

2.037 

11.23 

41.192 

30.806 

30.132 

38.409 

45.074 

56.98 

56.89 

44.44 

Sesqmozide     of 
iron  .•••..... 

49.435 

8.460 
33.894 
1.151 
3.156 
2.403 
0.337 
none, 
none. 
1.500 

29.18 
13.345 

27.800 
13.341 

37.207 
15.896 

59.147 
4.719 

Silica' 

Alrnnmn. 

lime  •. 

M  Agncflift .....  t 

Manganese  oxide 
Phosphonc  add. 

Sulphur 

Water 

2.29 

Totals .... 

100.336 

Magnetic  oxide. 

27.260 
30.635 

42.525 
none. 

51.220 
1.883 

15.205 
48.661 

...... 

Totals 

57.895 

42.525 

53.103 

63.866 

I  Hard  portion. 


•  Soft  portion. 


NoTB.— No».  15  to  21  from  exploring  trench,  northeant  qnartor  8ec.  15,  T.  44,  R.  8  W.,  15,  repre, 
sentt  16  feet  4  inches ;  16,  5  feet :  17, 41  inches :  18,  56  inches ;  19, 40  inches ;  20, 13  inches ;  21,  8  feet- 
Nos.  22  and  S3  from  Penokee  Mine,  northeast  quarter.  Sec.  15:  22,  selected  samples  of  kOO  ponnds. 
the  soft  portion  Tery  highly  manganiferoas;  23,  sampled  by  £.  T.  Sweet  in  1875  from  whole  stock 
pUe. 

Table  IV.— WEST  OF  PENOKEE  GAP. 
On  the  Penokee  Iron  Range. 


24. 

25. 

26. 

27. 

^f ptilllll*    11Y)TI  .....■>.■•..>.■>.......•.•. 

49.730 

37.751 

48.120 

88  752 

SpArmiOTidA  of  iron  ....•...•.......••••.. 

86.414 
15.767 
39.532 
0.110 
1.516 
2.516 
3.120 
trace. 
0.421 
0.543 

Prof/>Ticlft  of  iiinn   .....>.    >••... ■.....••. 

Silica • • 

Alnininfti^ ,,,-.-,..-  ..>     ............a. 

IiinL6  .».«»»»»»-t«^»*--*»-«-*-**--««..«- 

lAtumt^SL     ............................ 

Manffnnese  oxidfi  ...•••..•.••....••.••.. 

Phosplionc  ftcid.  ••••.•••.•.•».•..•. 

Snlphur. 

Water 

Total 

99.939 

..  ••..••. 

MiiimpfiA  OTidfi  ......................... 

50.804 
1.377 

Snecnlflj* OTidR ..    ..................    .... 

Total 

52.181 

Kons.  —  24,  northwest  qnartcr  of  Sec.  16,  T.  44.  R.  3  W.,  ^*  slaty  ore,^*  15  feet  86,  southwest  quar- 
ter ot  Sec.  17,  T.  44,  R.  3  W.,  "  slaty  ore,"  40  feet.  26,  same  place,  * » banded  ore,"  75  feet.  27,  Sec 
18,  T.  41,  B.  3  W.,  near  center  of  section,  3  feet. 
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Table  v.— WEST  OF  PENOKEE  GAP. 
Toum  44,  Range  5  W. 


28. 

29, 

30. 

Metallic  iron 

41.994 

45.00 

26.642 

SeflnuinTiflp  of  iiYvn 

40.062 
17.930 

Protoxide  of  iron 

Total 

57.992 

Mocmetic  oxide 

57.992 
none. 

SnAr»nlnr  nxidA 

Total 

57.992 

NoTKs.— 88,  siii«ll  oxposnre  in  Sec.  14,  T.  44,  R.  5.  W.,  8  feet    29,  northwest  quarter  Sec  98, 
.  44,  R.  5  W.,  "ulaty  ore,"  160  feet    80,  "slaty  ore,"  northwest  quarter  Sec.  21,  T.  44,  B.  6  W. 

i   fMt 


75  feet 


Table  VI.  — EAST  OF  PENOKEE  GAP. 
Between  Penokee  Gap  and  Mt.  Whittlesey. 


31. 

32. 

33. 

34. 

35. 

36. 

Metallic  iron • 

53.465 
0.055 

44.43 

45.256 

51.389 

37.001 

47.228 

Phosnhorus  ..•••••••••••••••• 

Sesqtdoxide  of  iron 

Protoxide  of  iron 

67.064 

8.882 

18.472 

2.239 

Silica 

Insoluble  siliceous  matter. . .  •  •  • 

34.774 

27.020 

47.500 

30.653 

Alnniina • •» 

0.305 
2.483 
2.280 
1.050 
0.127 
none. 
0.450 

Lime  •  ...••• •••• 

Maflmesifl^ 

Maganes  oxide 

PhoBohorc  acid ..••••• 

Sulnnur.  ...••• ••• 

Water 

Total 

100.613 

Maimetic  oxide 

27.008 
48.438 

Specular  oxidet ,-,,.,.. 

Total 

75.446 

NoTVfl.~81,  northeast  quarter  Sec  14,  T.  44,  R.  8  W.,  specular  magnetite,  fiO  feet;  82,  same  ex- 
posure 40  rods  west,  5  feet;  83,  northeast  quarter  Sec.  13,  T.  44,  R.  8  W.,  represents  40  Inches  In 
thickness;  84.  same  place,  60  feet  higher  in  the  bed,  represents  ft  feet  In  thickness;  83,  northeast 

Suartor  Sec  18,  T.  44,  R.  9  W.,  long  exposure  in  windfall,  represenU  10  feet  in  thickness  of  best  ore; 
\  northwest  quarter  Sec  17,  T.  44,  B.  S  W.,  represenU  4  feet  in  thickness. 
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37. 

38. 

39. 

40. 

41. 

42. 

43. 

Meiflllic  iron 

41.934 

47.245 

12.99 

47.245 

47.2937.885 

25.64 

Sesqoiozide  of  iron 

"Protoxiiift  of  iron 

41.241 
16.797 
36.508 

40.420 
12.331 
39.171 

Saica 

28.464 

Alnminft    ......................... 

1.025 
1.383 
2.ir.6 
0.193 
trace. 
0.160 
1.078 

1.139 
1.373 
1.890 
0.553 
trace, 
none. 
2.559 

liiine  »i.^-^------.-t--^. ♦♦»*-•---.- 

Magnesia , »,f-,rTrT»»t, »»»..•*. .t- 

MAllffAIieRA  PxidA 

PhoBohoric  add. ................... 

Snip]  lur 

Water  

Totals 

100.541 

99  036 

Maimetac  oxide  *t«rtr*trtt>«««*.**. 

39.733 
13.018 

Totals 

52.751 

KoTEi.— 87,  Sonthwest qaarter  Sec.  10,  T.  44,  R.  2  W.,  OnUenbereer's  treBcb,  58  feet;  88,  north- 
west qnmrter  Sec  11,  T.  44,  R.  2  W.,  8  rods  soath  of  section  line.  In  the  bed  of  Carrie's  creek— 
shows  a  thickness  of  8  feet;  89,  southwest  qaarter  Sec  1,  T.  44,  R.  2  W.,  represents  thiclcness  of 
15  feet;  42,  slatj  and  banded  ore,  25  feet  below  89—20  feet;  41,  more  ferraginons  seams  In  42; 
40,  one  of  the  purest  seams  in  42;  43,  southwest  qaarter  Sec  6,  T.  44,  R.  1  W.,  represents  4  feet 
in  thickness. 


Table  VIII.- 

-EAST  OF  PENOKEE  GAP 

• 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

Metallic  iron  . .  

37.22 

25.816 

67.665 

35.449 

41.29 

35.14 

40.01 

32.85 

Seflanioxide  of  iron ....   .... 

65.913 

27.488 
4.684 

49.254 
5.112 

Protc^de  of  iron  ...•••...•• 

Silica 

52  00 

46.75 

54.630 

41.24 

Alf^mina  r - 

none. 
1.786 
none. 
0.563 
none, 
trace. 

2.059 
1.687 
1.586 
0.193 
none. 
0.199 
trace. 

2.00 

liino ., 

0.80 

Maffnesia  .»r---f. ♦.»...».». 

0  76 

Manoanese  oiride  ^ 

PhosDhoric  acid •.... 

Solpnor* ..•••••••• 

Water 

1.30 

Totals 

100.434 

100.183 

Mafifnetic  oxide • 

88.572 
4.829 

Totals 

93.401 

1 

1 

Non.— 44,  000  feet  west  of  gorge  of  Tyler's  Fork;  represents  8  feet,  rock  and  ore  seams.  4\ 
southeast  qaarter  of  Sec.  82,  T.  45,  R  1  W. ;  reprcsenU  Ift  feet  in  thickness,  Including  rock  and  ore 
seams.  40,  same  place,  ore  seams.  47,  800  feet  east  of  45,  siliceous  hematite,  15  inches.  4t<, 
liliceous  hematite,  gorge  of  Trier's  Fork,  20  inches.  60,  gorge  of  Tyler's  Fork,  20  inches,  slaty 
ore.  49,  same  place,  north  end,  6  feet.  51,  analysis  by  J.  L.  Cassclls  of  sample  of  slaty  ore  from 
gorge  of  Tyler's  Fork. 
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Tablb  IX.— EAST  OP  PENOKEE  GAP. 
Between  the  Oorge  6f  Tyler's  Fork  and  the  Potato  River, 


52. 

53. 

5i. 

Metallic  iron 

40.861 

37.939 
44.661 

68.890 

Insoluble  residue 

1.399 

Notes.  —  5J,  southeflst  quarter  See.  2t,  T.  45,  R.  1  W.,  slaty  ore,  8  feet;  64,  one  of  the  richest 
scams  in  53;  53,  exposuros  on  the  4th  Principal  Meridian,  Sec.  19,  T.  45,  B.  1  £.,  represents  a  thick- 
ness of  90  feet. 


Table  X.  — EAST  OP  PENOKEE  GAP 
At  the  passage  of  the  Potato  River. 


55. 

56. 

51. 

58. 

59. 

MptfllHc  iron  .••••••••••••%•••••••*••. 

36.141 

38.434 

26.551 

43.58'7 

34.740 

J^AflnninTif^p  of  iron  ....>•>  ••••..••.... 

40.056 
5.a51 

40.495 
5.100 
0.'i86 
0.540 
1.405 

none. . . 

a5.j:24 
1.474 

46  602 

Protoxide  of  iron  ...••••••••••••••.... 

7.44> 

Silica , 

AliiTTiinfl..  .•>>.>>.....•>••.••..•••••*. 

Lime  ..••••••••..••••.••••••••••••••. 

Maimf^ia.  .........•••••••••••••••«*•* 

\f B.TitWLHPs<*  oxide  ....•■•••    .••>•••.... 

Phofiolioric  acid  ..........••••••••••.. 

Siilnnur ■••••••••••••••••••••••* 

0.129 
0.554 

Water 

Total 

100.081 

TW^aimpfjr  OTide  ....................... 

44.749 
32.549 

24  009 

Rnprnlar  OTidn. .......    ............... 

30.038 

Totals 

37.298 

54  047 

NoTXS.  — 65,  represents  25  feet  in  thickness;  58,  slaty  ore  layers,  6  feet;  57,  represents  sUice- 
ons  hematite  a  few  inches;  58,  magnetic  layers  same  expoeares  as  55;  59,  )S  inches. 

For  the  purpose  of  comparison  is  given  the  following,  taken  from 
the  report  on  the  iron-bearing  rocks  of  the  northern  peninsula  of 
Michigan,  by  T.  B.  Brooks: 
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Ajoproximate  General  Summary  of  the  Results  qf  Numerous  Analyses,  ExhibUing  the 
Average  Composition  of  the  Four  Classes  of  Ore  produced  in  the  Marquette  Region. 


11. 


III. 


IV. 


Protoxide  of  iron 

Sesaoioxide  of  iron . . . 
Oziae  of  manganese . 

Alamina. 

D'me 

Magnesia •  . 

Snlphor 

Phosphoric  add 

Silicic  add ••.. 

Water,  combined.... 
Water ,  nncombined . . 

Water,  total 

Volatile  matter 


90.520 
trace. 
1.390 
0.700 
0.420 
0.050 
0.288 
5.892 


19.^39 
67.761 
0.130 
2.150 
0.680 
0.690 
0.132 
0.199 
7.828 


0.77 


0.811 


75.750 
0.800 
1.536 
0.360 
0.294 
0.110 
0.185 

14.035 
3.940 
1.180 


70.980 
trace. 
2.010 
0.450 
0.200 
0.030 
0.130 

25.120 


1.810 


1.080 


Totals 


100.000      100.000 


100.000 


100.000 


Metalliciron 

Phosphorus 

Solpnor 

Me£allic  manganese . 
Specific  grayi^ 


62.915 
0.111 
0.050 
trace. 
4.740 


62.930 
0.085 
0.132 
0.091 
4.59 


52.649 
0*.078 
0.110 
0.560 
8.880 


49.832 
0.073 
0.030 
trace 
4.090 


HoTia..— Prodaced  by  the  fo' lowing  mines: 

I.  Std  tpteutar  ore.  Barnam,  Cleveland,  Jackson,  Lake  Bopcrlor  New  York,  Republic  and 
Kloman  mine*. 

II.  Blacky  MagnttU  and  State  ores.  Champion,  Edwards,  Michigan,  Spnrr  and  Washington 
minea. 

III.  Sttft  HematUm,  Foster,  Lake  Snperlor,  Lake  Angeline,  Tajler,  Macomber,  New  Bngltnd, 
Shenango,  S.  C.  Smith  and  Winthrop  mines. 

From  these  tables  of  analyses,  and  the  detailed  descriptions  of  the 
magnetic  belt  given  in  previous  pages,  a  few  conclusions  of  importance 
may  be  drawn  with  regard  to  the  outcropping  ores  of  the  Penokee 
Eange. 

(1)  The  amount  of  ferruginous  schist  carrying  over  30  per  cent 
of  metallic  iron  is  enormous,  there  being  in  fact  a  band  of  rock  as 
rich  as  this  extending  the  entire  length  of  the  Penokee  ridge,  over 
40  miles,  with  a  horizontal  width  of  from  100  to  800  feet  and  an  in- 
definite extension  in  depth,  the  only  mineralogical  constituents  of  these 
lean  ores  being  quartz,  magnetite,  and  specular  hematite,  with  small 
quantities  of  tremolite  or  actinolite,  and  pyrolnsite,  while  both  phos- 
phous  and  sulphur  are  on  the  whole  conspicuous  by  their  absence. 

(2)  As  a  general  rule,  the  "  slaty  ores,"  which  are  the  same  as  the 
"flag-ores"  of  the  Michigan  reports,  are  no  richer  in  iron  than  the 
"  banded  "  varieties,  which  are  allied  to  the  Michigan  "  mixed  ores." 

(3)  A  large  amount  of  both  slaty  or  flag,  and  banded,  or  mixed  ore 
can  be  obtained,  containing  upwards  of  40  per  cent  of  iron,  while  in 

Vol.111.— 11 
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a  few  places  small  thicknesses  have  been  noticed  verging  in  their  iron 
content  upon  50  per  cent,  the  lowest  limit  at  which  ores  of  this  class 
are  at  the  present  time  merchantable.  These  richer  kinds  are  nearly 
always  those  in  which  the  specular  oxide  pi-edominates  over  the  mag- 
netic 

(4)  The  streaks  of  ore,  both  magnetic  and  specular,  or  mixtures  of  the 
two,  which,  with  a  width  of  from  an  inch  to  one  or  two  feet,  seam  tlie 
banded  varieties,  contain  nearly  always  from  60  to  70  per  cent  of  iron; 
and,  if  mechanical  separation  could  be  made  sufficiently  cheap,  and 
avoid  breaking  to  too  small  a  size,  a  large  quantity  of  excellent  ore 

.  could  be  obtained. 

(5)  Manganese  oxide  is  always  a  prominent  constituent,  being  often 
perceptible  in  dull  black  seams. 

Such  ores  as  these  have  never  yet  been  put  to  any  use  in  Michigan, 
where  they  occur  in  great  abundance.  Whether  they  will  have  a  value 
in  the  future  remains  to  be  seen. 

These  conclusions  are,  however,  based  upon  the  outcrops  of  hard 
ores,  whose  very  existence  as  outcropping  ledges  in  a  ridge  chiefly  made 
up  of  them  is  sufficient  proof  as  to  their  siliceous  character.  May 
there  not  be  richer  portions  within  the  magnetic  belt,  a  large  part  of 
which  is  without  exposures?  Very  possibly;  and  for  this  very  reason 
the  exact  course  of  the  magnetic  belt  has  been  traced  with  care,  by 
means  of  the  deviation  of  the  compass  needle,  and  of  the  many  outcrops, 
and  mapped  upon  the  accompanying  Atlas  Plates.  It  is  quite  within 
the  possibilities  that  the  ore-streaks  of  the  banded  kinds  run  together 
in  places,  producing  workable  deposits,  or  that  the  slaty  varieties  at 
times  contain  more  iron  than  usual.  Only  direct  exploration  by  trenches 
sunk  across  the  bedding  will  ever  throw  any  further  light  on  this  ques- 
tion. It  may  merely  be  added  that  no  change  in  depth  should  ever  be 
anticipated,  the  outcrop  of  a  bed  indicating  sufficiently  to  us  its  nature 
in  depth.  Not  only  is  this  the  result  of  all  experience  with  such  ores, 
but  it  is  directly  proven  by  the  deep  ravines  in  which  the  several 
branches  of  Bad  river  pass  the  Penokee  Range,  these  being  equivalent  to 
shafts  of  the  same  depth,  besides  which,  as  already  shown,  the  fault  at 
Penokee  Gap  probably  gives  us  a  sight  of  the  condition  of  the  beds  of 
the  west  cliff  at  that  place,  at  a  depth  of  1,700  feet 

Between  the  Potato  and  Gogogashugun  rivers  the  magnetic  attrac- 
tions along  the  course  of  the  iion  belt  grow  fainter,  ceasing  altogether 
as  the  Montreal  river  is  neared.  At  the  passage  of  the  Gk)gogashugun, 
the  lower  200  feet  of  IV  is  a  quartzite  without  magnetic  or  specular 
iron,  but  holding  thin,  irregular  seams  of  rich,  very  highly  manganifer- 
ous  soft  hematite.    Whether  this  soft  ore  exists  in  sufficient  abundance 
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in  this  portion  of  the  Huronian,  is  also  to  be  determined  only  by  direct 
trench  exploration.    Such  ores  never  outcrop. 

Occurrence  of  iron  ores  above  the  magnetic  heU.  It  is  shown  on  a 
subsequent  page  that  enough  of  a  similarity  exists  between  the  strati- 
graphical  arrangements  of  the  Marquette  and  Penokee  Huronian  systems 
to  render  it  exceedingly  probable  that  the  blank  space  VI  of  the  latter 
series  corresponds  to  that  member  of  the  former  in  which  all  of  the 
rich  ores  have  thus  far  been  found.  This  probability  is  certainly  enough 
to  prompt  land-owners  on  this  belt,  whose  position  is  accurately  indi- 
cated on  the  accompanying  maps,  to  make  explorations.  Mr.  Wright 
has  found  some  magnetic  attraction  in  the  western  portions  of  the  blank 
VI,  but  my  own  observations  on  the  more  eastern  portions  have  failed  to 
develop  any  unusual  attraction  not  to  be  attributed  to  the  proximity  of 
the  main  magnetic  schists,  IV.  Still,  this  indicates  only  the  absence 
of  the  magnetic  ores.  The  specular  ores,  which  are  quite  as  likely  to 
occur  here,  do  not  attract,  and,  when  rich,  on  account  of  their  inferior 
durability,  i-arely,  if  ever,  outcrop. 

EQUIVALENCY  OF  THE  PENOKEE  AND  MAEQUETTE  HURONIAN  SYSTEMS. 

There  seems  to  be  little  doubt  that  the  Huronian  basin  of  Marquette 
was  originally  directly  continuous  with  that  in  which  the  rocks  of  the 
Penokee  region  were  deposited;  indeed,  there  are  no  facts  yet  on  record 
to  prove  that  the  rock  systems  are  not  at  the  present  time  directly  con- 
nected, though  at  the  surface  the  connection  is  obscured  by  the  over- 
lying horizontal  Silurian  sandstone.  Pumpelly  and  Brooks  ^  have  car- 
ried the  Penokee  belt  uninterruptedly  eastward  as  far  as  Lake  Gogebic, 
where  a  deeply  cut  and  ancient  erosion,  occupied  now  by  the  horizontal 
Silurian  sandstone,  terminates  the  range  abruptly.  From  here  to  the 
westernmost  known  position  of  the  Marquette  Huronian  is  a  distance 
of  less  than  forty  miles,  occupied,  as  far  as  known,  by  the  horizontal 
sandstone.  There  is  thus  every  reason  to  believe  in  the  actual  con- 
tinuity of  the  two  systems. 

In  the  Marquette  Huronian,  Major  T.  B.  Brooks  has  made  out,  with 
great  care  and  skill,  a  succession  of  beds  which  he  numbers  from  I  to 
XIX.  In  Xni  of  his  scheme  are  found  all  the  rich  ores  of  that  famous 
district.  The  correlation  of  the  several  subdivisions  of  the  Huronian 
now  made  out  in  the  two  regions  becomes  thus  a  matter  of  both  practical 
and  scientific  interest.  Of  course  the  only  guide  is  to  be  found  in  the 
Hthological  characters  of  the  several  layers.    In  synchronous  formations 

*  Geological  Survey  of  Michigan,  Vol.  I,  p.  183. 
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occupying  wLollj  distinct  basins,  any  attempt  to  make  out  a  scheme  of 
equivalency  based  on  lithological  characters  would  be  only  wasted  time. 
In  the  present  case,  however,  there  is  every  reason  to  believe  in  the 
continuity  of  the  two  districts,  while  in  each  certain  grand  stratigraphi- 
cal  and  lithological  features  are  found  to  be  quite  constant  through- 
out It  is  nevertheless  undoubtedly  true  that  it  is  very  easy  to  make 
many  mistakes  in  such  a  scheme,  owing  to  the  dying  out  of  layers,  and 
the  variations,  along  the  strike,  in  the  same  member  of  the  series, 
which,  if  not  originally  present,  may  have  been  produced  by  the  partial 
or  complete  process  of  metamorphism  to  which  the  whole  Huronian 
series  has  been  subjected.  No  scheme  of  equivalency  can  be  r^rded 
as  having  any  value,  except  that  which  seizes  on  those  few  grand  fea- 
tures of  the  stratigraphy  that  have  been  shown  to  be  quite  constant 
Tlie  few  prominent  facts  in  this  connection  that  have  impressed  them- 
selves upon  me  while  studying  over  my  field  results,  together  with  the 
reports  and  typical  collection  of  the  Michigan  survey,  are  here  given, 
all  fuller  treatment  of  the  subject  being  left  to  more  competent  hands.^ 

In  Wisconsin  we  find,  forming  the  base  of  the  scries,  a  great  bed  (III) 
of  light-colored  quartzose  schists  and  elates  over  400  feet  in  thickness, 
so  marked  in  its  characters  as  to  be  everywhere  unmistakable,  and  be- 
yond question  absolutely  continuous  for  over  fifty  miles.  The  slates 
of  this  bed  vary  from  schistose  vitreous  quartzites,  to  thin-laminated 
argillitic  mica-schists,  while  subordinate  to  it  are  two  other  members, 
a  white  arenaceous  quartzite  (II)  and  a  magnesian  limestone  (I).  Now 
in  much  of  the  Marquette  region,  a  great  quartzite  bed  (V),  including 
argillitic  schists  and  limestone,  quite  undistinguisliable  in  hand  speci- 
mens from  the  Wisconsin  rock,  forms  the  base  of  the  Huronian  series. 
From  the  descriptions  of  this  layer  by  Mr.  Brooks,  in  the  Michigan 
report,  it  is  evidently  no  less  prominent  and  persistent  than  the  sili- 
ceous slate  of  the  Wisconsin  series.  It  appears  evident  enough  that 
the  two  are  directly  equivalent 

Above  the  siliceous  slate  in  the  Penokee  system  we  find  a  great 
thickness  of  magnetitic  quartz-schists  and  slates,  which  are,  beyond 
doubt,  continuous  from  Numakagon  lake,  in  T.  44,  R  6  W.,  nearly  to 
Lake  Grogebic,  in  Michigan,  a  distance  of  over  eighty  miles.  In  Mich- 
igan, a  succession  of  strictly  similar  rocks  overlie  the  great  "Lower 
Quartzite  "  (V),  but  are  here  intercalated  generally  with  heavy  diorite 

>  This  subject  is  one  which  Messrs.  Brooks  and  Wright  will  have  occasion  to  treat  of 
in  other  portions  of  this  report  Their  extended  experience  in  all  of  the  Lake  Superior 
Huronian  districts  will  undoubtedly  enable  them  to  cany  the  scheme  into  much  greater 
detail  M%jor  Brooks  has  already  published  on  this  topic,  and  has  in  preparation  a 
still  more  extended  presentation  of  the  subject 
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bands.  Such  bands  are  unknown  in  the  Wisconsin  series,  except  at  the 
west,  in  T.  44,  R  5  W.,  where  they  appear  in  great  force.  The  peculiar 
gametiferous  rock  of  the  Penokee  series  appears  also  in  the  Michigan 
magnetite- schist  beds.  The  Penokee  magnetic  belt,  then,  I  should  re- 
gard as  equivalent  to  Nos.  VI  to  XI  of  the  Michigan  system. 

Immediately  above  the  magnetic  bslt  in  the  Penokee  series,  or  sepa- 
rated from  it  by  a  comparatively  narrow  band  of  black  slate,  seen  only  at 
one  or  two  places,  we  find  always  a  blank  (VI)  without  exposure,  nearly 
900  feet  in  width.  If  our  previous  suppositions  are  correct,  in  this 
gap  should  be  the  equivalent  of  XIII  of  the  Michigan  series,  the  bed 
in  which  occurs  all  the  rich  ore.  Most  of  this  covered  space  does  not 
show  any  unusual  magnetic  attractions,  though  Mr.  0.  E.  Wright  has 
found  some  in  the  western  portions  of  the  Penokee  belt.  It  should 
always  be  remembered,  however,  that  only  the  magnetic  ores  attract, 
while  the  pure  specular  ores  do  not  The  specular  ores  are  quite  as 
likely  to  occur  as  the  magnetic,  and  are,  moreover,  never  found  out- 
cropping when  rich,  being  far  too  fragile  to  withstand  atmospheric 
action. 

Above  the  blank  space  numbered  VI  in  the  Penokee  series,  the  pre- 
vailing rock,  for  a  thickness  of  over  2,000  feet,  is  an  aphanitic,  black 
mica-slate,  often  chiastolitic,  wliich  includes,  however,  one  or  two  bands, 
aggregating  some  200  feet  in  thickness,  of  quartzite,  and  two  narrower 
bands  of  diorite,  besides  which  there  are  blank  spaces,  the  nature  of 
whose  underlying  rock  is  an  inference  only.  The  black  slates  and 
quartz-schists  appear  to  be  very  persistent,  btit  the  diorites  are  as  yet 
known  only  in  the  vicinity  of  Bad  river.  The  equivalents  of  these 
members  in  the  Marquette  series  appear  to  lie  from  XIV  to  XVII, 
where  we  have  quartzite  and  clay  slate,  besides  some  doubtful  members. 
The  slate  is  often  brown  to  black,  containing  carbon,  and  frequently 
distinctly  micaceous,  when  the  specimens  show  some  similarity  to  the 
black  slates  of  the  Penokee  series.  Nothing  has  been  found  in  the 
latter,  as  yet,  that  resembles  the  true  clay  slate  (XV)  of  the  Marquette 
series. 

Forming  the  uppermost  members  of  the  Penokee  system  we  find  a 
great  development  of  mica-schists,  including,  in  the  lower  portions,  a  con- 
siderable proportion  of  a  dark  gray,  generally  aphanitic  rock,  quite  differ- 
ent,  however,  from  the  black  mica-slates  lower  in  the  series,  while  higher 
up  are  beds  of  a  coarser  and  more  distinctly  micaceous  texture,  often 
contorted  and  banded  like  gneiss,  with  others  in  which  the  mica  almost 
wholly  disappears,  and  we  have  a  light  gray,  fine-granular  quartz-schist. 
These  mica-schist  layers  reach  a  total  thickness  of  over  5,000  feet.  In 
the  Marquette  region  the  youngest  member  of  the  series,  XIX,  is 
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So  far  as  practicable,  these  rocks  are  considered  in  the  order  of  the 
belts  which  they  severally  form,  beginning  with  the  southernmost 
The  granite  has  a  restricted  distribution,  and  is  found  cutting  the 
gabbro  near  the  base  of  the  system,  as  also  the  immediately  adjoining 
upper  mica-schists  of  the  Huronian.  The  eruptive  nature  of  the  por- 
phyries,  which  form  belts  of  large  size,  is,  as  explained  on  a  previous 
page,  a  matter  of  some  doubt 

Gabbro. 

This  rock,  which  in  the  Keweenaw  Point  region  has  but  a  very 
meagre  development,  forms  in  the  Bad  river  country  of  Wisconsin  a 
continuous  belt  from  one  and  one-half  miles  to  five  and  one-half  miles 
in  width,  and  forty  miles  in  length,  besides  occurring  in  minor  quan- 
tity associated  with  the  common  diabase  or  melaphyr. 

The  Bad  river  gabbro  belt  forms  the  base  of  the  system,  and  is  found 
lying  immediately  north  of  the  upper  mica-schists  of  the  Huronian. 
On  the  Montreal  river  the  gabbro  is  wanting,  the  Huronian  mica- 
schists  being  followed  directly  by  greenish  chloritic  diabase  and  dia- 
base-amygdaloid. On  the  Lac  Flambeau  trail,  four  miles  west,  gabbro 
appears  to  alternate  with  the  ordinary  diabase,  and  west  from  here  rapidly 
displaces  the  latter  rock,  until,  in  the  southwest  part  of  T.  46,  E.  1  E.,  we 
have  apparently  as  much  as  two  miles  in  width  of  gabbro.  From  here, 
with  a  width  of  from  one  and  one-half  to  three  miles,  the  {^bbro  trends 
westsouthwest  to  Bad  river  on  the  west  side  of  T.  45,  R  2  W.  West 
of  Bad  river  the  course  is  more  nearly  westerly.  In  the  vicinity  of  the 
Brunschweiler  river,  T.  44,  R  4  W.,  and  T.  45,  R  4  W.,  the  width  of 
gabbro  from  north  to  south  is  as  much  as  five  miles.  Further  west  the 
belt  narrows  rapidly,  disappearing  in  T.  44,  R  6  W. 

In  this  belt  the  gabbro  occurs  of  two  well  marked  kinds,  of  each  of 
which  there  are  subordinate  varieties. 

The  first  of  these,  which  forms  the  greater  part  of  the  belt,  lying  nearly 
always  south  of  the  other  kind,  is  a  bluish-gray  to  nearly  black,  highly 
crystalline  rock,  varying  in  texture  from  very  fine  to  very  coarse-grained, 
when  the  individual  crystals  reach  two  or  three  inches  in  length.  The 
normal  constituents  are  a  plagioclase  feldspar  (commonly  labradorite), 
augite  or  diallage,  magnetite  or  titanic  iron,  and  olivine,  the  last  named 
ingredient  being  usually,  but  not  invariably  present 

The  olivine,  which,  when  present,  is  evidently  the  oldest  ingredient  of 
this  variety,  being  included  within  both  feldspar  and  augite,  appears  in 
the  thin  section  to  be  not  unfrequently  almost  fresh,  or  traversed  by 
brownish  ochreous  stripes,  between  which  more  or  less  of  the  original 
mineral  still  remains.    A  change  to  a  greenish  serpentine*like  sub 
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stance,  the  common  mode  of  alteration  of  olivine,  has  only  rarely  been 
observed  in  the  Wisconsin  rock.  A  very  interesting  mode  of  alteration 
of  olivine,  peculiar,  so  far  as  known,  to  this  region,  is  that  first  discov- 
ered by  Mr.  A.  A.  Julien,  and  described  by  him  in  an  appendix  to  this 
report.  This  is  a  change  to  biotite,  viridite  and  talc,  the  latter  mineral 
forming  a  shell  of  silvery  scales  around  the-  original  grain,  while  within 
are  scales  of  biotite  (which  in  some  cases  have,  in  crystallizing,  broken 
through  the  talc  shell),  patches  of  viridite,  particles  of  magnetite,  and 
more  or  less  of  the  original  mineral.  I  have  myself  observed  a  number 
of  cases  where  the  nearly  unaltered  mineral,  traversed  by  a  few  minnte 
brownish  seams,  is  completely  surrounded  by  the  talc  shell.  This 
mode  of  alteration,  which  is  characteristic  of  the  coarser-grained  varie- 
ties, has  been  observed  in  specimens  from  all  portions  of  the  gabbro 
belt.  In  specimens  brought  from  ledges  in  the  southern  parts  of  T.  45, 
E.  2  W.,  and  also  from  more  eastern  points,  the  nearly  fresh  olivine 
holds  a  black  opaque  mineral  in  little  strips  and  patches,  which  is  evi- 
dently an  alteration-product.  The  olivine,  which  is  rarely  very  abun- 
dant, is  commonly  microscopic,  but  may  at  times  be  readily  detected 
in  the  hand  specimens  in  glassy  green  grains,  and  more  often  in  the 
thin  sections,  without  the  aid  of  the  microscope. 

Next  in  age  to  the  olivine  of  this  phase  of  the  gabbro  is  the  plagioclase, 
which  is  most  commonly  labradorite,  and  is  in  nearly  all  cases  the  pre- 
dominating constituent,  in  some  varieties  making  up  almost  the  whole 
of  the  rock.  The  single  crystals  are  commonly  one  to  three  inches  in 
length,  and  one-fourth  to  one-half  inch  in  width,  while  in  the  coarser 
varieties  surfaces  as  much  as  two  to  three  inches  wide  are  met  with. 
This  ingredient  is  nearly  always  in  a  quite  fresh  condition,  showing  in 
the  thin  section  between  the  crossed  nicols  a  far  more  perfect  and  bril- 
liant twin-banding  than  I  have  yet  seen  in  sections  from  any  other 
region.  The  characteristic  inclusion  of  the  labradorite  of  the  typ- 
ical  gabbros  of  Europe — ^black  needles  arranged  in  several  definite 
directions  —  are  here  beautifully  developed.  They  characterize  especi- 
ally large  areas  which  polarize  monochromatically,  and  are  therefore 
readily  mistaken  for  orthoclase.  Other  inclusions  occur,  such  as  viri- 
dite, biotite,  talc  and  magnetite,  but  these  are  not  abundant,  and  gen- 
erally are  directly  traceable  to  the  alteration  of  adjoining  augite  or  oli- 
vine. The  plagioclase  crystals  are  always  sharply  cut,  being  bounded 
by  straight  lines  in  the  thin  sections,  and  constitute  a  net  work,  with 
intervening  spaces  now  occupied  by  the  augite. 

The  augitic  ingredient  of  this  variety,  in  the  thin  sections,  fills  the  lin- 
early bounded  spaces  between  the  plagioclase  crystals  in  such  a  manner 
that  its  more  recent  formation  is  placed  beyond  a  doubt    Commonly 
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several  neighboring  but  wholly  disconnected  areas  of  augite  will  present 
parallel  cleavage  lines  and  will  show  a  common  color  between  the  crossed 
nicols,  proving  their  crystalline  identity.  In  some  of  the  very  coarse  va- 
rieties, a  plane  surface  on  a  hand  specimen  will  show  the  same  interest- 
ing relation  between  the  augite  and  plagioclase.  The  augite  in  the  thin 
sections,  when  unaltered,  varies  in  color  from  a  pale,  scarcely  percepti- 
ble violet,  to  a  deep  wine-tint.  In  the  hand  specimens  it  is  always 
black  when  visible.  It  presents  in  the  sections  every  possible  variation 
from  ordinary  augite,  full  of  irregular  cracks,  to  the  most  highly  foli- 
ated diallage,  a  variation  which  is  also  often  to  be  detected  macroscop- 
ically.  It  is  frequently  unaltered,  but  presents  also  several  kinds  of 
change.  One  of  these  is  to  a  greenish  viridite,  but  more  commonly 
the  alteration  is  to  a  true  hornblende  or  uralite,  which,  in  the  sections, 
has  a  greenish  tint,  and  is  strongly  dichroitic  In  some  of  these 
uralitic  varieties  originally  rich  in  augite,  the  change  has  been  so  ex- 
tensive that  the  rock  looks  like  a  typical  hornblende  rock*  But  even 
in  these  cases  the  contours  of  the  original  augite  crystals,  as  well  as 
cores  of  augite,  remain.  This  change  aflEects  both  the  ordinary 
augite  and  the  foliated  or  diallage  varieties.  In  the  latter  case  the 
change  tends  to  take  place  along  the  foliation  planes.  An  altera- 
tion to  a  true  basaltic  hornblende,  which  in  the  thin  sections  is  of 
a  deep  brown  tint,  and  presents  the  strongly  marked  characteristic 
prismatic  cleavage,  is  also  to  be  noticed.  This  change  seems  to  afifect 
only  the  non-foliated  augite,  and  is  characteristic  of  a  band  near  the 
southern  limit  of  the  gabbro  belt.  In  some  phases  of  this  rock  the 
change  has  been  extensive,  and  the  appearance  of  the  thin  sections 
suggests  that  most  of  the  hornblende  may  be  primary.  These 
varieties  Professor  Pumpelly  has  called  augitic  diorites,  but  I  should 
be  disposed  to  regard  them  as  merely  instances  of  a  pushing  to 
tlie  extreme  of  the  paramorphic  change  from  augite  to  hornblende. 

Magnetite  or  titanic  iron  is  present  in  most  of  this  variety  of  gabbro, 
at  times  in  very  large  particles,  which  are  rarely,  if  ever,  possessed  of 
crystalline  outlines,  and  which  bear  such  relations  to  both  augite  and 
plagioclase  as  to  indicate  their  later  formation.  Biotite  is  a  common, 
but  usually  not  abundant  accessory,  and,  in  some  sections,  apatite 
needles  are  seen  abundantly  crowded  in  the  plagioclase  crystals. 

The  second  variety  of  gabbro  is  found  especially  in  the  more  north- 
em  portions  of  the  gabbro  belt,  forming  apparently  continuous  bands« 
which  have  in  some  cases  been  traced  for  a  number  of  miles.  It  is  a 
red-and-black-mottled,  or  red-black-and-gray-mottled  rock,  and  com- 
monly very  coarse-grained,  though  never  reaching  the  extreme  degree 

*  See  Prof(»8»or  Pumpelly 'i  report,  p.  39  of  this  Vol. 
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of  coarseness  which  the  other  variety  sometimes  shows.  It  is  also 
marked  by  very  abundant  and  large  (so  large  as  to  be  readily  seen  with 
the  naked  eye)  grains  of  magnetite,  or,  at  times,  of  titanic  iron.  The  in- 
gredients of  this  rock  are  the  same  as  those  of  the  other  variety,  except 
that  olivine  is  only  rarely  present,  and  then  is  completely  changed  to  a 
greenish  material.  The  lack-lustre  plagioclase  is  at  times  gray  or 
greenish-gray,  at  others  brick-red,  both  types  being  generally  repre- 
sented in  the  same  rock.  In  both  these  cases  the  alteration  has  been 
great,  even  the  grayish  kinds  showing  only  faint  traces  of  the  twin  bands 
in  the  polarized  light,  but,  instead,  the  characters  of  an  aggregate,  while 
the  red  crystals  are  in  addition  infiltrated  with  the  red  oxide  of  iron. 
"We  have  then  here  to  deal  with  a  case  of  an  alteration  in  a  saussurite 
direction.  The  augitic  ingredient  of  this  rock  is  always  highly  foliated, 
and  is  commonly  also  more  or  less  altered  to  a  greenish  uralite,  which 
in  many  cases  has  passed  beyond  the  uralitic  condition  into  a  soft,  greasy 
feeling  chloritic  substance. 

From  the  general  descriptions  thus  given,  it  is  evident  that  my  ob- 
servations on  these  north  Wisconsin  gabbros  bear  out  the  conclusions 
reached  by  certain  European  lithologists,  as  to  the  subordinate  import- 
ance of  tlie  foliated  condition  of  auglte,  by  which  gabbro  is  ordinarily 
separated  from  diabase,  of  which  it  would  seem  to  be  merely  a  phase. 
Nevertheless,  the  name  is  here  retained,  not  only  because  most  of  our 
rock  is  very  close  to  the  typical  European  gabbros,  but  more  especially 
because  it  is  so  sharply  contrasted  with  the  typical  Keweenawan  diabase 
that  a  separate  name  seems  necessary. 

Throughout  the  gabbro  belt,  no  reliable  indications  of  bedding  have 
been  seen.  A  close  jointing  is  sometimes  perceptible  and  may  be  mis- 
taken for  bedding,  but  a  careful  examination  always  shows  its  real 
nature. 

In  the  townships  west  from  Bad  river,  and  within  the  gabbro  area, 
low  exposures  of  a  very  coarse-grained  granite  are  often  met  with, 
in  characters  precisely  resembling  the  granite  cutting  the  upper  mica- 
schists  of  the  Huronian.  Commonly  the  relation  of  the  granite  to  the 
gabbro  is  not  to  be  made  out,  but  in  several  places  on  and  near  Bad 
river  its  true  intrusive  character  is  rendered  evident  by  the  exposures  of 
its  contact  with  the  gabbro.  This  granite  is  more  completely  described 
on  another  page. 

Besides  the  coarse  granite,  narrow  seams  of  very  fine-grained  pinkish 
granitic  material  (mixtures  of  orthoclase  and  quartz),  are  met  with. 
Dikes  of  heavy  black  aphanitic  diorite  also  occur. 

The  gabbro  of  this  belt  is  regarded  as  belonging  to  the  Keweenawan 
system  rather  than  the  Huronian,  for  the  following  reasons:  (1)  the 
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close  similarity  it  presents  in  mineral  composition  to  the  tme  Kewee- 
nawan  diabase;  (2)  the  evident  interstratification  with  the  latter  near 
the  junction  of  the  two;  (3)  the  manner  in  which  unmistakable  Kewee- 
nawan  diabase  fills  the  eastern  extension  of  the  gabbrc  belt  in  the 
vicinity  of  Montreal  river;  (4)  the  massiveness  and  apparent  eruptive 
nature  of  the  gabbro;  (5)  the  occurrence  of  gabbros  in  the  typical 
Keweenawan  region  of  Keweenaw  Point,  and  with  typical  Keweenawan 
diabase  in  Douglas  county,  Wisconsin;  and  (6)  the  apparent  non-con-  • 
formity  of  the  gabbro  and  the  Huronian  schists,  as  indicated  by  the 
way  in  which  the  junction  line  between  the  two  cuts  diagonally  across 
the  strike  of  the  Huronian  beds.  The  only  fact  looking  in  tlie  opposite 
direction  is  the  disappearance  of  the  gabbro  belt  in  its  western  ex- 
tension in  the  same  manner,  and  in  the  same  vicinity  as  the  belt  of 
Huronian  schists. 

On  Bad  river,  northwest  quarter  of  the  northeast  quarter  of  Sec  6, 
T.  44,  R  2  "W.,  the  gabbros  are  seen  in  the  immediate  vicinity  of  ledges 
of  the  upper  mica-schist  of  the  Huronian  (Nos.  19  and  20,  Atlas  Plate 
XXIV),  rising  in  bold  exposures  from  the  west  side  of  the  railroad 
track.  The  southernmost  rock  (2,038)  seen  here  is  dark-colored  and 
rather  fine-grained,  and  shows  large  plates  of  reddish  mica,  some  of 
which  are  one-quarter  inch  by  one-half  inch  in  dimensions.  Under  the 
microscope  this  rock  is  seen  to  be  a  uralitic  gabbro,  the  augite,  of  pale 
violet  tint,  occurring  both  in  the  ordinary  variety,  and  as  highly  fibrous 
diallage.  Both  of  these  varieties  show  a  change  into  dichroitic  horn- 
blende, a  number  of  different  stages  in  the  alteration  process  being  per- 
ceptible. In  the  diallage,  the  change  to  hornblende  has  taken  place 
along  the  planes  between  the  lamellae.  The  plagioclase  is  for  the  most 
part  much  altered.  Magnetite  or  titanic  iron,  and  apatite  are  present 
as  accessories. 

Twenty  paces  further  north  along  the  railroad  comes  in  an  exceed- 
ingly coarse  bluish-grey  gabbro  (2,037),  the  greyish  labradorite  crystals 
of  which  are  often  several  inches  in  length  and  one  to  two  inches  in 
width.  The  labradorite  greatly  predominates,  but  much  greenish-black 
to  black,  and  often  highly  foliated  diallage  is  visible,  evidently  filling 
the  interstices  between  the  previously  formed  labradorite  crystals,  an 
appearance  which  is  always  very  pronounced  in  the  thin  sections  of  the 
finer  grained  varieties  of  these  gabbros.  But  little  magnetite  is  visible. 
Following  this  ledge  further  northward  the  grain  is  found  becoming 
somewhat  finer,  though  still  very  coarse  (2,036). 

The  northern  part  of  Sec  6,  T.  44,  R  2  W.,  and  most  of  Sec  31,  T.  45, 
R  2  W.,  show  numerous  large  ledges  of  gabbro,  on  the  steep  hillsides 
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On  the  south  line  of  the  southeast  quarter  of  Sec.  32,  T.  45,  R.  2  W., 
and  running  several  hundred  paces  south,  are  large  exposures  (No.  27, 
Atlas  Plate  XXIV)  on  the  sides  and  summit  of  a  steep  side-hill  which 
faces  north  and  west  towards  the  valley  of  one  of  the  main  branches 
of  Carrie's  creek.  The  northern  portions  of  these  ledges,  near  the 
section  line,  are  of  a  dark  gra}',  rather  fine-grained,  but  highly  crys- 
talline, often  much  jointed  olivine-gabbro,  or  diabase,  in  which  the 
black  augite  and  gray  plagioclase  can  at  times  be  just  seen  macro- 
scopically  (3,168  to  3,170).  Going  southward  from  the  section  line  along 
the  west-facing  slope,  we  find  at  50  paces  south  of  the  line  a  cliff 
some  20  feet  in  height,  of  very  close-grained,  dark  gray  mica-schist,  be- 
longing to  the  Huronian  series,  and  described  on  a  previous  page. 
Following  the  slope  still  farther  southward,  we  find  it  curving  east- 
ward, and  at  about  120  paces,  measured  along  the  curve  of  the  hill, 
exposures  of  the  same  olivine-gabbro  as  before  noted  are  met  with 
(3,177  to  3,179),  proving  the  great  irregularity  of  the  junction  of  the 
mica-schist  and  gabbro,  or,  more  probably,  the  actual  penetration  of 
the  schist  by  the  gabbro,  which  is  regarded  as  of  an  igneous  origin. 
Under  the  microscope,  the  gabbro  seen  at  this  place  shows  the  augite 
of  the  usual  wine  color,  for  the  most  part  full  of  irregular  cracks,  and 
only  occasionally  with  a  tendency  towards  diallage,  which  tendency  is, 
however,  very  distinctly  visible  in  a  few  of  the  crystals.  The  olivine 
is  very  abundant,  sometimes  showing  a  greenish,  fibrous  alteration- 
product,  but  for  the  most  part  the  only  alteration  is  one  indicated  by 
frequently  penetrating  irregular  strips  and  borders  of  a  black  mineral 
(magnetite?).  The  relative  ages  of  the  several  ingredients  are  very 
plainly  olivine,  plagioclase,  augite,  magnetite.  The  magnetite  occurs 
also  quite  plentifully  independently  of  the  olivine.  A  representation 
of  a  section  of  this  rock  (3,177)  is  given  on  Fig.  6,  Plate  XV  D,  mag- 
nified 40  diameters. 

Exposures  showing  the  same  rock  exactly,  and  also  the  same  peculiar 
relations  between  the  mica-schists  and  gabbros,  are  to  be  seen  in  and 
near  the  stream  which  crosses  the  south  line  of  Sec.  27,  T.  45,  E.  2  W., 
near  the  quarter-post.  Just  north  of  the  line,  and  extending  some  fifty 
paces  up  the  stream  (northward),  are  exposures  of  a  very  distinctly  and 
evenly  bedded,  light  gray,  quartzose  mica-schist  (3,164,  3,165).  Down 
the  stream  (southward)  from  the  section  line,  are  quite  large,  entirely 
structureless,  though  often  much  jointed  ledges  of  a  gabbro  (3,166) 
very  close  to  that  on  the  south  line  of  Sec.  32  (3,177).  Under  the  mi- 
croscope the  rounded  olivine  grains,  often  as  much  as  0.3  m.  m.  in 
greatest  diameter,  are  very  beautifully  marked  and  often  almost  entirely 
undecomposed. 
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On  the  east  line  of  the  same  township,  fifty  paces  south  of  the  north- 
east corner  of  Sec.  25,  a  closely  similar  rock  is  again  seen  (3,160).  The 
wine-colored  aogite  here  often  tends  towards  diallage.  The  olivine 
is  in  large  pronounced  grains,  reaching  0.5  mm.  in  length.  It  is  to  be 
noticed  that  the  rock  of  no  one  of  the  three  localities  last  described 
shows  any  sign  of  the  talcose  alteration  of  olivine  which  is  cliaracter- 
istic  of  the  otherwise  closely  similar  rock  on  Bad  river. 

In  T.  45,  R  1  W.,  the  ledges  are  more  numerous,  often  presenting 
cliffs  ten  to  twenty  feet  high,  hundreds  of  feet  in  length,  and  facing  in 
every  direction.  At  the  southeast  comer  of  Sec.  6,  the  rock  is  dark 
br^wn,  much  weathered,  rather  coarse-grained,  and  very  rough-textured, 
the  black  augite  standing  out  very  prominently.  Under  the  microscope 
the  general  appearance  of  the  thin  section  allies  this  rock  more  nearly 
to  the  gabbros  seen  interstratified  with  the  typical  Keweenawan  diabase. 
According  to  Pumpelly,  it  is  near  to  the  rocks  of  bed  107  of  the  Eagle 
river  section,  Keweenaw  Point;  the  plagioclase  being  anorthite,  and 
the  augite  tending  to  diallage. 

In  the  southeast  quarter  of  Sec.  5  of  the  same  township,  Tyler's 
Fork  makes  rapids  over  a  peculiar  green-and-red-blotched,  much  altered 
gabbro.  The  greenish,  soft,  often  unctuous  base  appears  to  be  an  alter- 
ation-product of  the  augite.  No  t!iin  section  has  been  examined, 
but  the  general  appearance  of  the  rock,  especially  the  very  coarse, 
reddish  stained  plagioclase,  would  refer  it  to  the  red  and  black  gabbro 
seen  in  a  number  of  places  in  the  more  northern  portions  of  the  gabbro 
belt. 

Several  large  exposures  of  gabbro  occur  in  the  vicinity  of  the  now 
nearly  obliterated  Iron  ton  trail.  One  of  the  largest  and  most  interesting 
of  these  is  near  the  comer  of  sections  9, 10, 15  and  16,  of  T.  45,  R 1 W. 
It  is  about  100  feet  long  and  10  to  12  feet  high,  showing  light  gray, 
often  nearly  white,  and  coarse-grained  gabbro  (166;  sp.  gr.,  2.80),  a 
peculiar  phase  not  elsewhere  noted.  The  striations  of  the  plagioclase 
are  very  plain  macroscopically.  Under  tlie  microscope  the  large  plagi- 
oclases,  often  beautifully  clear,  though  occasionally  spotted  with  decay, 
make  up  nearly  the  whole  section.  Between  the  crossed  uicols  the 
colored  banding  of  these  is  the  handsomest  I  have  ever  seen.  The 
augite  is  nearly  all  diallage,  the  close  parallel  lines  of  cleavage  marking 
very  distinctly  the  foliation.  In  some  sections  large  olivines,  as  much 
as  1.5  to  2  mm.  in  length,  are  seen.  Some  of  these  show  every  phase 
of  the  peculiar  alteration  to  talc  and  biotito  described  by  Mr.  Julien  in 
Appendix  B,  while  others  are  almost  wholly  unaltered.  Fig.  2,  Plate 
XV  E,  represents  a  portion  of  a  section  of  this  rock  showing  the  dial- 
lage and  altered  olivine  magnified  SO  diameters.     Only  a  few  hundred 
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paoes  to  the  west  of  the  ledge  last  described  is  another  equally  large 
one,  of  a  fine-grained,  very  dark  gray  to  nearly  black  variety  of  the 
gabbro  (167).    This  rock  has  not  been  examined  under  the  microscope. 

The  exposure  near  the  south  line  of  the  northwest  quarter  of  Sec.  2, 
T.  45,  R  1  W.,  shows  a  dark  gray,  finely  crystalline  variety,  in  which 
both  the  plagioclase  and  augite  are  raacroscopically  recognizable  and 
which  contains  pyrite.  This  rock  has  a  specific  gravity  of  3.02,  and 
contains  oligoclase,  original  hornblende,  augite  and  uralite  (Pumpelly). 
Both  hornblende  and  uralite  are  very  plentiful.  The  general  appear- 
ance of  the  section  would  place  the  rock  with  the  gabbros,  to  which  it 
belongs  by  position.  It  is,  however,  a  strongly  marked  and  peculiar 
variety. 

On  the  northeast  quarter  of  Sec.  13,  T.  45,  R  1  "W.,  west  of  the 
Potato  river,  are  exposures  of  a  dark  gray,  medium-grained  gabbro,  in 
which  much  greenish  olivine  is  readily  observable  with  the  naked  eye. 
This  rock  closely  resembles  that  of  the  ledges  in  the  southern  and 
southeastern  part  of  T.  45,  R  2  W.  (3,161,  3,166).  Under  the 
microscope,  the  similarity  holds,  the  section  showing,  however,  an  ex- 
traordinary amount  of  olivine,  much  of  which  is  quite  unaltered,  while 
the  rest  presents  frequently  a  change  to  biotite,  ochre,  and  magnetite, 
but  not  to  talc  The  augite  is  wine-colored  and  tending  to  diallage. 
The  olivine  is  both  in  the  augite  and  in  the  plagioclase. 

In  T.  46,  R 1  W.,  the  gabbro  belt  crosses  the  southeast  comer  of  the 
township.  Here,  on  and  in  the  vicinity  of  the  old  Ironton  trail,  a  num- 
ber of  ledges  have  been  noted.  In  the  northeast  quarter  of  the  south- 
east quarter  of  Sec.  34,  the  northernmost  rock  seen  is  a  coarse  gabbro 
of  the  red  and  black  variety,  showing  grayish,  dull  plagioclase,  in  faces 
up  to  two-tenths  inch  in  width;  dark  greenish-black,  foliated  augite 
as  large  as  the  plagioclase;  bright  metallic-lustered  magnetite  in  par- 
ticles one-tenth  to  two-tenths  inch  across,  very  abundant;  and  minute 
greenish  olivine  grains.  The  silica  content  is  53.03;  the  specific 
gravity  2.89  (Pumpelly).  The  thin  section  presents  the  usual  appear- 
ance of  this  variety  of  the  gabbros.  An  inspection  of  the  map  will 
show  that  this  exposure  lies  directly  in  the  general  line  of  trend  with 
the  entirely  similar  rocks  in  the  bed  of  Tyler's  Fork,  southeast  quarter 
Sec  5,  T.  45,  R  1  W.,  and  in  the  southeast  quarter  of  Sec.  6.  It  is  an 
interesting  fact  that  in  this  ledge  was  observed  a  narrow  vein  of  green- 
ish epidote  and  quartz,  holding  native  copper  in  minute  flakes.  About 
75  paces  further  along  the  trail  southward,  the  rock  is  light  grayish, 
coarse-grained  gabbro,  very  close  indeed  to  that  observed  near  the  south- 
west  corner  of  Sec.  10,  T.  45,  R  1  W.  (166).  Three  hundi-ed  paces 
further  are  ledges  of  a  fine-grained,  very  dark  colored  rock,  the  thin  sec- 
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tion  of  which,  under  the  microscope,  resembles  somewhat  the  typical 
Keweenawan  diabase,  but  it  evidently  belongs  with  the  other  gabbros. 
Tliree  hundred  and  fifty  paces  further  the  ordinary  coarse  grayish  gab- 
bro  is  seen,  and  beyond,  near  the  south  line  of  the  section,  are  exposures 
of  the  brick-red  granitic  porphyry  elsewhere  spoken  of. 

In  T.  45,  R  1  E.,  the  gabbro  belt  crosses  the  northeast  comer  of  the 
town.  Fine-grained,  dark  gray  gabbro  is  seen  near  the  northwest  cor- 
ner of  Sec  6,  about  a  mile,  measiired  across  tlie  general  trend,  from  the 
nearest  Huronian  exposure.  A  similar  rock  shows  near  the  southeast 
comer  of  the  same  section. 

In  the  soutliwest  part  of  T.  46,  R  1  E.,  are  other  similar  rocks,  but, 
following  the  trend  of  the  gabbro  belt  eastward  through  this  township, 
we  soon  begin  to  meet  ledges  of  the  Keweenawan  diabase  and  diabase- 
amygdaloid,  which  rock  finally,  in  T.  46,  E.  2  K,  after  passing  the 
Qogogashugun  river,  appears  to  usurp  entirely  the  position  of  the  gab- 
bro, no  sign  of  which  is  to  be  seen  on  the  Montreal. 

On  and  near  the  Lac  Flambeau  trail,  in  the  eastem  part  of  T.  46,  B.  2 
E.,  several  exposures  of  gabbro  occur.  One  of  these,  in  the  north  part  of 
Sec.  30,  near  the  northem  border  of  a  great  swamp,  appears  to  be  very  near 
the  Huronian  boundary,  while  for  a  mile  and  a  half  to  the  northward  the 
exposures  in  the  vicinity  of  the  trail  are  all  of  the  typical  diabase,  and 
diabase-amygdaloid.  The  rock  exposed  here  is  a  very  coarse-grained 
gabbro,  in  which  the  greenish-black  diallage  preponderates,  and  much 
coarse  .magnetite  or  titanic  iron  is  perceptible  with  the  naked  eye.  In 
the  southwest  quarter  of  Sec  7,  T.  46,  R  2  E.,  both  in  the  bed  of  the 
crock  and  again  near  the  southwest  comer  of  the  section  (3,030),  the 
gabbro  exposed  is  a  very  coarsely  crystalline,  dark  gray  to  black  rock, 
similar  to  that  last  described,  but  showing  much  reddish  altered  plagio- 
clase.  It  evidently  belongs  with  the  red-and-black-mottled  variety. 
The  easternmost  gabbro  observed  was  on  the  Gogogashugun  river,  near 
the  south  line  of  Sec  8,  T.  46,  R  2  E.,  where  are  low  exposures  run- 
ning along  the  right  bank  of  the  river,  for  several  hundred  feet,  of  a 
fine-grained,  very  dark  gray  variety  (1,649).  Above  and  below  on  the 
the  river  the  ordinary  diabase  and  diabase-amygdaloid  are  seen.  The 
whole  country  to  the  east  seems  also  to  be  occupied  by  the  latter  rocks. 

West  of  Bad  river^  the  gabbro  belt  has  a  width  of  from  two  and  a 
half  to  five  and  a  half  miles,  covering  the  southern  portions  of  T.  45, 
and  the  northern  of  T.  44,  ranges  8,  4  and  6  W.  The  central  portion 
of  this  belt  is  a  broad  but  well  marked  ridge,  cut  through  in  only  two 
or  three  places  by  the  larger  northward-flowing  streams.  The  rock  ex- 
posures are  very  numerous,  often  presenting  precipitous  fronts,  which 
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face  in  all  directions,  are  nearly  always  without  trace  of  structure,  and 
often  show,  for  an  area  of  several  miles,  no  perceptible  variation  in  the 
rock.  The  same  coarse  granite  that  cuts  the  gabbros  on  Bad  river 
makes  in  these  townships  frequent  exposures,  which  are  spoken  of  in 
another  connection. 

In  sections  1,  2  and  3  of  T.  44,  E.  3  W.,  the  northern  limit  of  the 
mica-schists  of  the  Huronian  lies  only  about  a  quarter  of  a  mile  south 
of  the  town  line.  In  this  narrow  space,  however,  there  are  a  number 
of  exposures  of  gabbro,  and  of  the  intruding  granite.  Many  of  the 
gabbro  outcrops  show  a  peculiar  hornblende-bearing  variety,  which  has 
already  been  noticed  as  occupying  about  the  same  stratigraphical  posi- 
tion in  the  vicinity  of  Tyler's  Fork,  T.  45,  R  1  W.  On  the  west  line 
of  Sec.  2,  T.  44,  E.  3  W.,  286  paces  north  of  the  quarter-post,  are 
small  exposures  of  this  hornblende-bearing  rock  (No.  12,  Atlas  Plate 
XXIV).  As  seen  here  (2,019;  sp.  gr.,  3.09),  it  is  fine-grained,  grayish, 
rough-textured  and  highly  crystalline,  showing  under  the  loupe  much 
of  a  black  lustrous  mineral.  Under  the  microscope,  the  thin  section 
shows  plagioclase;  augite  in  rounded  granules;  brownish,  deep-tinted 
hornblende,  often  surrounding  cores  of  augite;  and  magnetite.  The 
relation  of  the  hornblende  and  augite  is  probably  best  explained  by 
regarding  the  former  as  secondary,  though  it  does  not  present  the  light- 
tinted  scaly  appearance  of  the  ordinary  uralite.^  At  750  paces  north 
of  the  same  quarter-post  is  seen  a  medium-grained,  nearly  black  rock 
(2,020)  which  shows  a  deep,  rough  weathering,  and  closely  resembles 
an  ordinary  hornblende-rock.  The  thin  section  of  this  is  like  that  last 
described,  showing  plagioclase;  augite  in  rounded  granules;  brown, 
very  highly  dichroitic  hornblende  surrounding  cores  of  augite,  from 
which  it  appears  to  present  every  stage  of  alteration,  and  often  show- 
ing strongly  marked  the  characteristic  prismatic  cleavage;  diallage 
with  narrow  strips  of  hornblende  alpng  the  cleavage  lines;  magnetite; 
and  viridite.  Figs.  4  and  5,  Plate  XV  C,  are  representations  of  thin 
sections  of  this  rock. 

On  the  north  shore  of  English  lake,  at  the  head  of  the  outlet,  is  a 
hill  50  feet  in  height,  composed  of  one  of  these  hornblende-bearing 
varieties  (80).  In  this  case  the  hornblende  is  the  most  abundant  in- 
gredient, and  would  undoubtedly  be  regarded  as  primary,  but  for  the 
occurrence  of  those  kinds  just  dcbcribed,  of  which  this  appears  to  be 
merely  an  extreme  case.  Prof.  Pumpelly  has  given  to  this  rock  the 
name  of  angite-diorite,  he  naturally  regarding  the  hornblende  as  pri- 
mary.   Macroscopically,  tlie  rock  is  rather  fine-grained  and  of  a  dark- 

-  Rosenbusch,  "  Mikroekopische  Physiographie  der  massigen  Geateine/*  page  464. 
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gray,  homblendic  aspect,  a  few  particles  of  mica  and  of  olivine  being 
distingaisbable.  Under  tbe  microscope,  the  deep  brown  hornblende 
makes  up  most  of  the  section.  The  angite  (which  occasionally  appears 
as  a  core  to  the  hornblende),  plagioclase,  mica  and  magnetite  are  sub- 
ordinate. Following  the  outlet  of  the  lake  northward,  the  ordinary 
bluish-gray,  often  very  coarse  gabbro,  is  seen  in  large  cliffy  exposures 
on  each  side  of  the  stream. 

The  same  rock  is  to  be  seen  in  large  outcrops  on  the  east  line  of  the 
northeast  quarter  of  Sec.  5;  on  tlie  west  line  of  the  same  section,  a  few 
paces  north  of  English  lake;  and  very  frequently  throughout  Sec  6, 
and  in  the  northern  part  of  Sec  7.  Some  of  the  exposures  in  Sec.  6 
reach  several  hundred  feet  in  length,  and  10  to  15  feet  in  height,  show- 
ing no  trace  whatever  of  structure.  In  a  specimen  (70)  brought  from 
the  northwest  quarter  of  Sec.  6  the  glassy,  wholly  unaltered  labradorite 
greatly  predominates,  while  an  unusual  amount  of  coarse  olivine  is 
perceptible  to  the  naked  eye.  Under  the  microscope,  the  individuals 
of  labradorite  are  often  simple,  and  thickly  crowded  with  the  charac- 
teristic needle-like  inclusions.  A  representation  of  these  is  given  in 
Fig.  3,  Plate  XV  D.  The  olivine  shows  the  same  peculiar  alteration- 
products  (talc,  etc)  noticed  in  the  gabbro  of  Bad  river. 

In  T.  45,  K.  3  W.,  the  gabbro  ledges  are  again  very  numerous.  On  the 
southwest  quarter  of  Sec  25  was  noticed  a  fine-grained,  dark  gray  variety, 
(33),  in  the  thin  section  of  which  the  augite  presents  the  appearance  of 
aggregated  grains,  though  frequently  displaying  the  strong  cleavage  of 
diallage.  On  tlie  west  line  of  Sec  35,  58  paces  north  of  the  corner,  is 
a  long  south-facing  ledge  presenting  two  varieties  of  the  gabbro.  One 
of  these  (2,021;  sp.  gr.,  3.00)  is  fine-grained  and  very  dark  gray,  ap- 
proaching the  rock  of  the  large  ledge  on  the  south  lino  of  Sec  33,  T. 
45,  R  2  W.  The  augite  is  largely  altered  to  a  greenish  viridite,  while 
some  secondary  hornblende  is  present.  The  other  variety  (2,022;  sp. 
gr.,  2.83)  is  of  a  coarser  grain,  and  mottled  black  and  white.  In  it  are 
perceptible  very  narrow  blades,  sometimes  one-half  inch  in  length,  of 
striated  white  feldspar,  and  a  lustrous  black  mineral.  Under  the  micro- 
scope are  seen,  in  addition  to  the  plagiocTase,  very  highly  fibrous  dial- 
lage with  interlaminated  brown-tinted  hornblende,  large  scales  of  biotite, 
and  rarer  original  (?)  hornblende  and  magnetite.  Fig.  6,  Plate  XV  C,  is 
a  representation  of  this  rock,  showing  all  the  ingredients  named. 

In  the  vicinity  of  Bladder  lake,  T.  44,  R  4  W.,  the  gabbro  ledges  are 
especially  large  and  interesting.  On  both  sides  of  the  Brunschweiler 
river,  after  its  exit  from  Bladder  lake,  and  as  far  north  as  Sec  15,  T.  45, 
R  4  W.,  bold  cliffs  of  gabbro  are  almost  constantly  seen,  while  the  same 
rock,  in  ledges  and  large  fallen  masses,  produces  frequent  rapids  in  the 
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river.  In  Sec  11,  immediately  below  the  exit  from  the  lake,  is  a  vertical 
structureless  wall,  several  hundred  feet  in  length.  Both  the  unaltered 
bluish-gray  and  the  crumbling  brownish  varieties  are  here  seen  (84, 85). 
The  thin  sections  show  the  usual  characters.  Immediately  at  the 
head  of  the  river  the  rock  is  uralitic  Every  stage  of  change  is  seen  from 
the  pinkish  augite  or  diallage  to  the  greenish  dichroitic  uralite,  and 
from  this  to  chlorite,  completely  altered  crystals  often  preserving  their 
sharp  outlines. 

Along  the  west  side  of  Bladder  lake,  and  up  to  the  mouth  of  the  inlet, 
the  gabbro  is  almost <3onstantly  insight.  In  the  northwest  quarter  of 
Sec  13,  it  lies  within  less  than  half  a  mile  of  the  magnetic  belt  of  the 
Hnronian.  On  all  of  these  exposures  the  rock  appeared  to  be  the  same 
very  coarse  bluish-gray  variety.  "West  from  Bladder  lake  the  gabbro 
extends  southward  more  than  half  way  across  the  township,  but,  except 
in  the  northern  row  of  sections,  the  exposures  are  not  frequent,  the 
ground  being  low  and  swampy.  Near  the  northeast  corner  of  Sec  3, 
the  ordinary  bluish-gray  rock  is  seen.  The  several  ledges  on  the  west 
lines  of  sections  6,  7  and  18,  show  the  same  rock.  The  ledge  on  the 
west  line  of  the  northwest  quarter  of  Sec.  19  shows  a  coarse,  very 
dark-colored  variety,  in  which  tho  foliated,  greenish-black  diallage  is 
macroscopically  very  conspicuous.  Not  three-fourths  of  a  mile  south 
from  here,  the  Laurentian  granite  is  in  sight. 

In  T.  45,  E.  4  W.,  the  gabbro  exposures  are  large  and  numer- 
ous. The  bluflfs  on  each  side  of  the  Brunschweiler  river,  south- 
ward from  the  northeast  quarter  of  Sec  22,  frequently  show  perpen- 
dicular faces  15  or  20  feet  in  height  Away  from  the  river  similar 
lines  of  cliff,  often  several  hundred  feet  in  length,  are  very  frequent. 
The  accompanying  intrusive  red  granite  is  also  often  seen.  Most  of 
these  ledges  show  the  ordinary,  very  coarse,  bluish-gray  variety  (71). 
To  the  north,  however,  and  immediately  south  of  the  diabase  belt,  the 
gabbro  exposures  show  usually  the  peculiar  red-and-gray-mottled  vari- 
ety (64)  that  has  already  been  described  as  occupying  a  similar  position 
on  and  east  of  Bad  river.  The  most  interesting  exposures  in  this  town- 
ship are  those  in  and  near  the  Brunschweiler,  on  sections  16, 16  and  22. 
Here  are  a  number  of  ledges  both  of  gabbro  and  of  the  porphyry  and 
fine-grained  diabase  and  diabase-amygdaloid,  which  make  up  the  more 
northern  belt  of  the  eruptive  portion  of  the  Keweenaw  series. 

The  line  of  junction  between  these  two  classes  of  rocks  is  quite  irregu- 
lar. The  northernmost  gabbro,  on  the  east  line  of  Sec  15,  lies  about 
376  paces  south  of  the  quarter-post  This  is  a  coarse-grained,  rather 
unusually  dark-colored  rock,  which,  under  the  microscope,  is  seen  to  be 
uralitic    According  to  Professor  Pumpelly,  it  has  a  specific  gravity  of 
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2.90,  and  consists  of  labradorite  in  long  narrow  crystals;  another  younger 
feldspar  with  undefined  outlines;  uralite,  mostly  changed  to  chlorite  and 
associated  with  quartz ;  and  magnetite.  Further  south,  about  500  paces 
north  of  the  southeast  comer  of  Sec  15,  the  rock  is  again  uralitic,  but 
differs  from  the  last  in  having  an  unusually  light  gray  color,  owing  to 
the  large  content  of  labradorite.  At  the  falls  of  the  river,  southwest 
quarter  of  Sec  15,  the  rocks  are  porphyry  and  fine-grained  diabase. 
Just  above  the  falls,  at  the  crossing  of  the  old  Penokee  road,  a  fine- 
grained, very  dark-gray  gabbro  is  in  sight,  which,  according  to  Profes- 
sor Pumpelly's  determination,  has  a  specific  gravity  of  2.85,  and  con- 
sists of  anorthite,  diallage,  actinolite  as  an  alteration-product  of  the 
diallage,  magnetite,  and  a  serpentine-like  substance^  possibly  an  altera- 
tion-product of  olivine. 

Following  the  river  upward  from  here,  a  narrow  band  of  bright  red 
felsitic  porphyry  is  met  with,  beyond  which  the  gabbro  continues 
changing  from  a  rather  fine-grained  variety  (69)  to  the  ordinary  coarse 
kind,  as  it  is  traced  southward.  The  thin  sections  examined  present 
no  peculiar  features.  Ledges  are  found  up  both  of  the  streams  that 
enter  the  river  in  the  southwest  quarter  of  Sec  15,  and  the  southeast 
quarter  of  Sec  16.  Here  the  gabbro  (64)  is  coarse,  of  a  dark  greenish- 
gray  color,  and  mottled  with  dull  red  and  white.  The  greenish-gray 
feldspar,  in  facets  up  to  one  quarter  inch  in  breadth  and  witliout  ap- 
parent striation,  makes  up  most  of  the  rock.  A  soft,  greenish  mineral, 
very  coarse  magnetite,  and  large  black  augite  crystals  are  also  percept- 
ible. The  thin  section  presents  the  iiisual  characters  of  this  well 
marked  phase  of  the  gabbro.  The  plagioclase  is  often  red-stained,  and 
only  faintly  banded  in  the  polarized  light,  in  which  it  at  times  presents 
the  appearance  of  a  crystalline  aggregate.  The  diallage  is  mostly  al- 
tered to  a  greenish  uralite  and  this  again  to  a  bluish-green  chlorite. 
Almost  exactly  the  same  rock  is  seen  on  the  west  line  of  the  northwest 
quarter  of  Sec  30,  and  again  at  the  southwest  comer  of  the  same  sec- 
tion. 

In  T.  45,  K.  5  W.,  the  gabbro  occupies  the  southeastern  sections,  and 
in  T.  44,  E.  5  W.,  the  northern  half  of  the  township,  where  ledges  of 
this  rock  are  often  found  within  a  half  mile  of  the  magnetic  belt  of  the 
Huronian.  Several  ledges  on  the  east  line  of  T.  44,  R  6  W.  have  al- 
ready been  noted.  In  Sec.  16  gabbro  ledges  occur  as  far  south  as  the 
center  of  the  section,  less  than  half  a  mile  fi*om  the  magnetic  belt  On 
the  north  line  of  the  northwest  quarter  of  Sec.  17,  250  to  300  paces 
east  of  the  creek,  ledges  were  noted  of  a  variety  (106, 107)  the  thin  sec- 
tion of  which  shows  much  deep-tinted  homblende  and  biotite.  The 
rock  resembles  that  (2,022)  seen  on  the  west  line  of  Sec.  35,  T.  45,  R 


Digitized  by 


Google 


THE  KEWEENAWAN  OR  COPPER-BEARING  SYSTEM.  183 

3  W.  On  the  west  line  of  Sec.  18  more  exposures  of  the  same  rock 
were  noted.  On  the  west  lines  of  sections  7  and  6  are  large  ledges  of 
Uie  red-and  gray-mottled  kind  (112, 113;  sp.  gr.  2.76).  One  of  these 
ledges,  at  the  quarter  post  of  Sec  7,  is  25  feet  in  height,  while  another, 
half  a  mile  farther  north,  in  the  northeast  qnarter  of  Sec.  12,  T.  44,  B. 
6  W.,  presents  a  face  40  to  50  feet  in  height  and  150  to  200  feet  in 
length.  The  rock  from  both  of  these  places  is  coarse-grained,  very 
toDgh  and  compact,  and  of  a  dark  greenish-grey  color  mottled  with 
red.  The  thin  section  (Pumpelly)  shows  plagioclase,  red-stained  and 
in  part  altered  to  chlorite,  and  diallage  mostly  altered  to  greenish 
nralite  and  chlorite,  though  often  remaining  in  cores  and  i^idefinite 
patches. 

In  T.  44,  R  6  W.,  the  gabbro  belt  rapidly  narrows,  and  by  the  time 
that  R  7  W.  is  reached,  seems  to  have  disappeared  altogether.  The 
westernmost  gabbro  ledge  now  known,  on  the  southwest  quarter  of  Sec. 
14,  shows  a  medium-grained,  dark  greenish-black  kind,  looking  exactly 
like  an  ordinary  hornblende  rock.  Professor  Pumpelly  has  alluded  to 
this  interesting  rock  (119  University  collection)  in  his  lithological 
report,  page  35  of  this  volume.  The  hornblendic  appearance  is  due  to 
the  large  content  of  uralite,  whose  production  by  a  change  in  the  origi- 
nal augite  or  diallage  is  most  beautifully  shown  in  the  thin  section,  of 
which  I  ^ve  a  representation  in  Fig.  1,  Plate  XV  E. 

Diabase  and  Helaphyr. 

These  rocks,  which,  with  their  amygdaloidal  and  pseudo-amygdaloidal 
phases,  make  up  the  greater  part  of  the  Keweenawan  System  in  Michi- 
gan, are  continued  into  Wisconsin  with  essentially  the  same  char- 
acters. In  our  district  they  make  up  most  of  a  belt  of  country  lying 
on  the  north  flank  of  the  uplands,  immediately  north  of  the  gabbros, 
and  from  two  to  six  miles  in  width.  The  melaphyr,  while  known  to 
be  very  abundant  beyond  our  district  to  the  west,  is  only  known  here 
in  a  few  places,  and  then  without  the  marked  macroscopic  characters 
of  the  Michigan  rock. 

For  a  general  description  of  the  lithological  characters  of  these  rocks, 
the  reader  is  referred  to  Professor  Pumpelly's  report  (pp.  31  to  34  of 
this  volume).  The  same  author  has  described  the  processes  of  change 
which  these  rocks  have  undergone  in  still  greater  detail,  in  a  paper  on 
the  "Metasomatic  Development  of  the  Copper  bearing  Bocks  of  Lake 
Superior."  ^ 

The  diabase  in  our  district  makes  up  the  larger  part  of  the  system 

•  Proe.  Amer.  Acad.  8cL,  VoL  XIII,  p.  268  (1878). 
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north  of  the  gabbro  belt  and  south  of  the  great  conglomerate.  It  lies 
in  more  or  less  distinct  belts,  separated  bj  bands  of  porphyry,  and  in 
one  portion  of  the  district  by  intercalated  beds  of  sandstone  and  shale. 
The  several  beds  made  ont  are  indicated  on  the  map  of  Atlas  Plate 
XXII,  which,  with  the  details  given  below,  will  render  unnecessary  any 
more  definite  description  here.  The  broader  bands,  having  been  work^ 
ont  from  more  or  less  scattered  exposures,  may  very  possibly  include 
narrow  bands  of  porphyry.  A  few  beds  distinctly  of  detrital  origin 
(sandstone  and  shale)  are  also  included,  though  at  only  two  or  three 
places  has  any  marked  indication  of  this  been  noted.  The  distinct  in- 
tercalations of  sandstone  and  shale  with  diabase  and  diabase-amygdaloid 
are  restricted  to  a  narrow  belt  at  the  junction  between  the  eruptive  and 
f ragmental  portions  of  the  system.  Tliis  belt,  moreover,  though  prob- 
ably of  great  length  in  Michigan,  extends  into  Wisconsin  but  a  short 
distanca  On  the  Montreal  it  is  some  1,200  feet  in  width,  but  before 
Bad  river  is  reached  it  has  entirely  disappeared.  The  indications  are 
that  in  all  these  diabase  belts  there  is  a  subdivision  into  different  flows, 
as  described  by  Professor  Pumpelly,  but,  from  the  scattered  positions 
and  often  unfavorable  nature  of  the  exposures,  it  has  not  been  possible 
to  establish  this  for  all  portions  of  the  southernmost  and  broadest  of 
the  belts.  A  pretty  distinct  succession  of  flows  can  be  made  out, 
however,  on  the  Gogogashugun  river,  and  somewhat  less  distinctly  on 
the  Upper  Montreal.  Tlie  diabases  interstratified  with  sandstone  and 
shale,  as  seen  on  the  Montreal  and  Potato  rivers,  are  very  distinctly  bed- 
ded, nearly  every  flow  being  characterized  in  a  pronounced  manner  by  its 
amygdaloidal,  pseudo-amygdaloidal  and  compact  divisions.  The  same 
is  true,  though  less  markedly,  of  the  two  broad  diabase  bands  next 
south  from  these  alternations,  as  seen  on  the  Potato  river,  Tyler's  Fork, 
and  on  the  Bad  and  Brunschweiler  rivers. 

In  kinds  of  rock  there  is  some  distinction  between  the  several  bands. 
In  the  belt  of  alternating  diabase  and  fragmental  rocks,  and  in  the  two 
belts  next  to  the  southward,  the  prevailing  diabase  is  the  typical  rock 
of  Michigan,  much  more  frequently,  however,  showing  a  tendency  to 
the  lanmontite-caleite  change  of  the  amygdaloidal  portions,  than  to  the 
epidote-quartz  alteration,  which,  according  to  Pumpelly,  characterizes 
the  amygdaloids  of  the  Keweenaw  Point  region.  In  these  bands  the 
black,  compact  rock  of  the  Ash-bed  type  is  quite  subordinate,  though 
present  The  broad  belt,  which,  east  of  Bad  river,  lies  to  the  north  of 
the  gabbro  belt,  is  not  so  ^ell  known  as  tlie  more  northern  ones,  but  it 
includes  evidently  a  very  much  larger  proportion  of  the  Ash-bed  type  of 
rock.  The  diabase  of  the  ordinary  kind,  included  in  this  belt,  is,  judg- 
ing from  tlie  exposures  seen,  much  less  prone  to  decay,  and  more  rarely 
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amjgdaloidal  than  in  the  more  northern  belts.  The  laumontitic  decay 
has  never  yet  been  noticed  here,  and  the  epidotic  change  in  a  few  instances 
only.  Some  of  the  exposures  examined  show  a  comparatively  coarse- 
grained rock,  approaching  the  gabbro  that  lies  further  to  the  south. 

Of  the  diabase  marked  on  the  map  as  taking  up  the  whole  width  of 
the  eastern  extension  of  the  gabbro  belt  in  the  vicinity  of  the  Gogoga- 
shugnn  and  Montreal  rivers,  there  are  two  distinct  divisions.  That  on 
the  south,  occupying  about  half  the  width,  is  nearly  always  a  greenish, 
distinctly  crystalline  rock,  of  fine  grain,  and  often  highly  amygdaloidal. 
The  amygdules  of  quartz,  chalcedony,  chlorite,  orthoclase  and  epidote 
are  of  unusually  large  size,  and  often  elongated  into  cylindrical  shapes. 
In  the  more  northern  part  of  this  area  the  black  Ash-bed  diabase  ap- 
pears to  prevail,  though  interstratified  with  the  ordinary  diabase,  which 
has  not  been  noticed  in  a  highly  amygdaloidal  condition. 

The  interesting  manner  in  which  the  several  bands  of  diabase  and 
porphyry  thin  out  as  they  are  followed  from  the  Montreal  to  Bad  river, 
has  been  noticed  on  a  previous  page. 

On  Bad  river. — All  the  exposures  of  diabase  known  on  Bad  river  are 
in  the  immediate  vicinity  of  its  junction  with  the  Tyler's  Fork  branch, 
Sec  17,  T.  45,  R  2  W.,  where  are  also  large  exposure  of  porphyry  and 
of  the  clastic  rocks  of  the  Keweenaw  series.  The  topography  of  tho 
vicinity  of  the  junction  of  these  two  streams  has  already  been  described 
in  some  detail,  and  is  further  illustrated  by  Plate  XII,  which  also  in- 
dicates the  geological  structure.  The  several  rock  beds  have  here  a 
vertical  position,  with  a  curving  strike,  as  indicated  on  the  plate.  The 
diabase  beds  have  evidently  the  same  divisions  into  compact,  pseudo- 
amygdaloidal  and  amygdaloidal  zones,  as  displayed  so  constantly  in  the 
corresponding  rocks  of  Keweenaw  Point,  but  they  appear  to  have  here 
a  much  greater  thickness,  and,  moreover,  to  be  less  distinctly  marked 
from  each  other  than  in  that  region.  Bad  river,  in  a  large  part  of  its 
course  through  the  diabase,  makes  a  small  angle  only  with  the  strike,  so 
that  the  very  large  exposures  seen  both  above  the  falls  and  in  the  gorge 
below,  do  not  give  us  a  knowledge  of  a  very  great  thickness. ' 

On  Tyler's  Fork  the  exposures  are  not  nearly  so  large,  but  here  the 
stream  passes  more  directly  across  the  strike,  and  the  tliickness  seen  is 
very  considerable.  At  the  time  of  my  examination  of  this  place  (1873) 
the  courses  and  subdivisions  of  the  several  layers  were  not  made  out, 
nor  indeed  were  tho  relative  positions  of  the  several  exposures  fully 
understood  until  after  the  field  notes  had  been  studied.  From  the  large 
number  of  specimens  collected,  however,  the  existence  of  at  least  eight 
distinct  layers  within  the  exposures  in  Sec  17,  has  been  since  made 


Digitized  by 


Google 


186        GECHiOGY  OF  THE  EASTERN  LAKE  SUPERIOR  DISTRICT. 

out  Each  of  these  has  its  compact,  pseudo-amygdaloidal  and  amygda- 
loidal  portions,  and  the  aggregate  thickness  in  sight  is  some  1,600  feet 
Descending  Bad  river,  the  first  exposure  is  met  with  at  about  400  feet 
north  of  the  quarter-post,  on  the  south  line  of  Sec.  17.  From  here  low 
ledges  are  nearly  continuous  around  the  horseshoe  bend  of  the  river  to 
the  falls,  and  show,  as  far  as  a  point  300  feet  north  and  640  east  of  the 
quarter-post,  or  nearly  to  the  workings  of  the  old  Ashland  mine,  a  com- 
pact, dark  purplish-brown  to  reddish-brown,  altered,  diabase  (3,270  to 
3,275).  At  the  Ashland  mine  the  amygdaloidal  portion  of  this  bed 
comes  in. 

Beyond,  to  the  falls,  we  are  in  the  lower  compact  portion  of  another 
great  bed,  of  which  the  amygdaloidal  portion  (39)  comes  in  at  the  falls. 
Below  the  falls  the  rock  is  again  compact  to  the  end  of  the  high 
rocky  point  which  here  divides  the  river.  Beyond  this  again  is 
a  pseudo-amygdaloid,  and  then  a  true  amygdaloid  all  the  way  to  the 
junction  with  the  overlying  porphyry,  which  is  only  about  100  feet 
above  the  mouth  of  Tyler's  Fork.  The  compact  portions  of  these  beds 
are  close-granular,  dark  grayish  where  freshest,  but  more  commonly 
some  shade  of  red,  from  a  dark  purplish-brown  to  a  bright  red,  the 
color  depending  of  course  on  the  degree  of  alteration  the  rock  has 
undergone.  The  most  common  amygdules  are  of  a  pale  greenish 
prehnite,  ordinarily  one-tenth  to  one-twentieth  inch  across,  though 
occasionally  reaching  one-fourth  inch.  Dark  green  chlorite,  laumon- 
titic  cleavable  calcite,  and  quartz  are  also  frequent  amygdules.  Often 
the  whole  mass  of  the  amygdaloid  is  calcitic,  eflfervescing  briskly  with 
acids.  Other  places  occur  in  which  both  matrix  and  amygdules  appear 
to  have  given  way  to  a  laumontitic  change. 

Ascending  Tyler's  Fork  we  meet  first  the  red  porphyry,  over  which 
it  falls  at  the  junction  with  Bad  river,  and  then  the  same  layers  that 
are  in  sight  on  the  main  stream.  The  first  massive  rock  above  the 
falls  (139;  sp.  gr.,  3.06),  the  same  as  that  just  below  the  falls  on  Bad 
river,  is  very  dark  colored  and  aphanitic.  In  the  thin  section  under 
the  microscope  are  seen  labradorite;  augite,  partly  fresh  and  partly 
altered  to  a  green  non-dichroitic  material;  and  altered  chrysolite  (Pum- 
pelly).  The  alteration  of  chrysolite  is  to  a  greenish,  feebly  dichroitic 
substance,  and  to  bloodred  scales  and  seams  of  ferric  oxide.  Further 
up,  we  cross  a  pseudo-amygdaloid,  the  same  as  that  below  the  amygda- 
loid of  the  Ashland  mine,  the  matrix  being  of  a  dark  purplish-brown 
cast,  and  the  pseudo-amygdules  prehnite  and  calcite.  Since  Tyler's 
Fork  crosses  the  strata  usually  at  right  angles,  we  soon  reach  the  horizon 
of  the  highest  rock  seen  on  the  main  stream.  This  is  at  a  point  some 
700  feet  west  and  800  north  of  the  southeast  section  comer.    Continu* 
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ing  the  ascent  above  this  point,  we  meet  similar  alternations  of  com- 
pact (144)  and  amygdaloidal  (143)  diabase  as  far  as  the  east  line  of  the 
section,  and  beyond. 

East  of  Bad  riveVy  as  already  shown,  the  exposures  of  the  diabase 
are  chiefly  in  the  beds  and  the  sides  of  the  larger  streams.  On  Tyler's 
Fork  above  the  exposures  in  Sec  17,  already  described,  the  diabase  ex- 
tends only  a  few  hundred  steps  along  the  stream,  where  it  gives  place 
to  a  purplish  quartz-porphyry,  which  appears  to  be  the  rock  across  Sec. 
16  to  within  500  steps  of  the  east  section  line.  From  here  Tyler's  Fork 
is  without  ledges  as  far  as  the  rapids  in  the  southeast  quarter  of  Sec. 
5,  T.  45,  R.  1  "W.,  where  a  green-and-red-mottled  gabbro  is  seen,  as  de- 
scribed on  a  previous  page. 

On  and  near  the  middle  of  the  east  line  of  Sec.  12,  T.  45,  E.  2  "W., 
are  several  low  ledges  of  a  much  altered  dark-colored  diabase  (3,160). 
These  are  very  near  the  northern  limit  of  the  gabbros. 

On  the  old  Ironton  trail,  in  the  northeast  quarter  of  Sec.  34,  T.  46, 
R.  1  "W.,  several  diabase  ledges  were  noticed.  These  are  also  very  near 
the  northern  limit  of  the  gabbro,  several  large  exposures  of  which  were 
seen  a  short  distance  southward  along  the  trail.  The  rock  seen  here  is 
an  aphanitic,  greenish  to  nearly  black,  highly  altered  variety,  with  spe- 
cific gravity  2.86,  and  containing,  as  shown  by  the  thin  section,  oligo- 
clase,  au^te  in  remnants,  titanic  iron  altered  to  a  white  substance, 
chlorite,  epidote,  and  quartz  (Pumpelly).  Twenty  rods  to  the  south, 
on  the  trail,  a  red,  felsitic  porphyry  (164)  is  in  sight. 

On  Potato  river,  the  exposures  of  diabase  are  large,  especially  of  those 
beds  lying  immediately  below  the  fragmental  members  of  the  series. 
On  the  upper  portions  of  the  river,  sections  23  and  26,  T.  46,  R  1 W., 
numerous  low  outcrops  of  a  blackish  diabase  are  seen.  Near  where  the 
river  crosses  the  north  line  of  Sec  26,  the  rock  is  compact,  black,  micro- 
crystalline  and  conchoidal- fracturing,  belonging  to  the  "Ash-bed  type." 
The  thin  section  shows  labradorite,  augite  in  small  grains,  a  green  sub- 
stance in  clouds  of  granular  masses,  and  magnetite  (Pumpelly).  A 
specimen  (161)  brought  from  300  paces  above  the  mouth  of  the  creek 
in  Sec.  23,  shows  a  highly  crystalline  black  rock,  with  numerous  small, 
lustrous  surfaces.  Under  the  microscope  the  plagioclase  seems  to  be  the 
principal  ingredient,  while  the  augite  is  seen  both  fresh  and  in  largely 
altered  grains.    Magnetite  and  apatite  are  both  abundant. 

From  a  short  distance  below  the  north  line  of  Sec.  14,  to  the  mouth 
of  the  Little  Potato,  the  only  rock  in  sight  is  a  pinkish  quartz- porphyry, 
while  from  this  latter  point  downwards  for  nearly  two  miles  the  river 
is  without  exposures.    In  the  southeast  quarter  of  Sec.  17,  450  paces 
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north  and  600  west  of  the  section  corner,  begins  a  series  of  exposures 
which  continue  almost  uninterruptedlj  to  near  the  middle  of  Sec,  18. 
In  this  distance  the  river  makes  three  falls  of  25,  25  and  32  feet  re- 
spectively, besides  several  smaller  ones,  and  a  number  of  heavy  rapids. 
The  uppermost  portions  of  these  exposures,  as  far  as  the  southwest  quarter 
of  Sec.  17,  are  of  diabase,  while  the  remainder  are  chiefly  of  conglom- 
erate and  sandstone. 

The  topography  and  the  positions  of  the  several  rock  beds  in  this 
vicinity  are  indicated  on  Plate  XVIL  The  exact  point  at  which  the 
diabase  ceases  in  descending  the  river,  is  800  feet  east,  and  1,340  north 
of  the  southwest  comer  of  Sec.  17.  This  gives  a  total  width  of  diabase, 
measured  across  the  general  strike,  of  something  over  2,000  feet,  and, 
since  the  dip  is  nearly  90*,  this  figure  also  expresses  the  thickness.  The 
rock  is  seen  at  times  in  the  river  bed  only,  and  at  others  in  low  expos- 
ui*e8  on  one  or  both  banks,  while  in  a  few  places  precipitous  walls  10  to 
40  feet  in  height  rise  directly  from  the  water's  edge.  "We  have  evi- 
dently to  deal  here  with  a  succession  of  layers  nearly  each  one  of  whidi 
shows  the  normal  divisions  into  compact,  pseudo-amygdaloidal,  and 
amygdaloidal  portions.  The  subdivisions  are,  however,  not  readily  per- 
ceptible except  in  those  few  places  where  the  amygdaloidal  zone  has 
undergone  the  characteristic  laumontitic  decay.  There  are  three  prom- 
inent zones  of  this  laumontitic  rock,  which  have  the  general  trend  of 
the  more  northern  fragmental  beds.  The  same  is  true  of  a  single  red 
sandstone  layer,  intercalated  at  350  feet  below  (stratigraphically)  the 
conglomerate. 

The  compact  portions  of  these  beds  are  all  closely  allied  to  each 
other,  and  are  all  largely  altered.  The  fresh  surface  is  minutely  crys- 
talline to  aphanitic,  with  a  reddish-brown  to  dark  purplish-brown  tint, 
the  color  varying  according  to  the  amount  of  ferric  oxide.  Two  of  the 
beds,  according  to  Professor  Pumpelly,  are  of  melaphyr,  though  macro- 
scopically  they  diflfer  but  little  from  the  compact  portions  of  the  other 
layers.  The  amygdaloids  are  not  nearly  so  finely  developed  as  on  the 
Montreal,  the  amygdules  being  of  smaller  size,  and  not  so  thickly 
scattered.  The  minerals  noticed  in  these  amygdules  are  prehnite, 
laumontite,  and  calcite.  From  a  series  of  nearly  one  hundred  speci- 
mens collected  here,  the  following  succession  of  layers  has  been  made 
out,  beginning  below: 

I.  Melaphyr:  dark  reddish-brown,  veiy  fine-grained;  the  loBtre-mottlings  of 
gre^iiRh  spots  veiy  small  when  compared  with  those  of  the  typical 
rock  of  Keweenaw  Point    In  the  thin  section  are  seen  fresh  plagio- 

dase  and  angite,  and  highly  altered  olivine  (Pompelly);  in  all 85 

II.    Diabase:  with  psendo-amygdaloid  at  top 70 

III.    Diabase:  massive,  227  feet;  pseado-amygdaloid,  70  feet;  in  all 297 
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lY.    Diabase:  compact,  S5  feet;  covered,  87  feet;  pseudo-amygdaloid  and  ^««^- 

laomontitic  amygdaloid,  52  feet;  in  all 174 

y.    Diabase:  compact,  and  pseudo-amygdaloid 160 

VI.    Melaphyr 50 

Yll.    Diabase:  compact,  20  feet;  laumontitic  amygdaloid,  110  feet;  in  all 130 

VIII.    Diabase:  mostly  laumontitic  amygdaloid 140 

IX.    Diabase,  and  diabase-amygdaloid;  divisions  not  mode  out 660 

X.    Red  shale 9 

XI.    Diabase:  compact  and  pseudo-amygdaloid,  200  feet;  laumontitic  amyg- 
daloid, 20  feet;  in  all 210 

XII.    />ia&aM;  compact  and  pseudo-amygdaloid 122 

Total 2.067 


T.  46,  R  1  E.,  18  mostly  drift-covered.  There  are,  however,  several 
large  exposures,  the  principal  of  which  are  on  the  north  side  of  the 
creek  running  through  the  southern  part  of  the  town.  A  specimen 
brought  from  about  the  northwest  quarter  of  Sec.  35  is  a  distinctly 
crystalline,  dark,  brown-and-black-mottled  amygdaloid.  The  grain  is 
coarser  than  usual,  the  plagioclase  crystals  averaging  0.2  mm.  in 
breadth  and  1  to  10  mm.  in  length.  The  amygdules  are  large  and 
almost  wholly  chlorite  and  calcite. 

On  the  Flambeau  trail,  in  T.  46,  R  2  E.,  are  several  diabase  exposures. 
The  southernmost  of  these,  a  short  distance  north  of  a  large  swamp, 
and  near  the  southeast  corner  of  Sec  19,  is  dark  greenish  diabase,  of 
pronounced  character,  and  similar  to  the  rock  which  is  so  largely  ex- 
posed further  to  the  eastward  on  the  Gogogashugun  and  Montreal  riv- 
ers. A  few  rods  to  the  east  of  this  is  a  ledge  of  coarse  gabbro  described 
on  a  previous  page.  The  diabase  is  seen  along  the  trail  for  about  a 
mile  and  a  half,  north  of  which,  to  near  the  middle  of  Sec.  7,  a  coarse- 
grained gabbro  appears  again  to  be  the  principal  rock. 

A  mile  and  a  half  east  of  the  Flambeau  trail,  on  the  Gogogashugun 
river,  and  in  a  number  of  places  east  of  the  river  in  Sec  16,  the  same 
green  diabase  is  seen.  A  specimen  brought  from  near  the  middle 
of  Sec  16  has  a  specific  gravity  of  2.9  and  shows  under  the  micro- 
scope,  oligoclase,  largely  altered  to  chlorite  (to  the  presence  of 
which  mineral  the  rock  owes  its  pronounced  greenish  color);  augite, 
abundant  and  fresh;  magnetite  in  small  irregular  forms  apparently 
tilling  cracks;  and  pseudo-amygdules  of  chlorite  (Pumpelly).  These 
rocks  appear  to  continue  along  the  Gogogashugun  river  nearly  to  the 
northwest  comer  of  Sec  16,  where  comes  in  a  coarse  gabbro,  similar  to 
that  seen  along  the  Flambeau  trail.  This  rock  forms  here  but  a  nar- 
row belt,  the  easternmost  prolongation  of  the  broad  gabbro  band  so 
prominent  in  the  townships  westward  fromhei-e.  All  along  the  course 
of  the  Gogogashugun  the  exposures  are  constant,  and  show  the  ordi- 
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nary  typical  diabase  and  diabase-amygdaloid,  with  one  interstratified  bed 
of  felsitic  porphyry,  and  one  or  two  of  the  black  compact  diabase  of  the 
Ash-bed  type,  to  the  north  line  of  Sec.  8,  beyond  which,  to  the  month 
of  the  river,  there  are  no  exposures. 

East  of  the  Gogogashngun  a  black  aphanitic  rock  was  noticed  on  the 
Bonth  line  of  Sec.  9,  T.  46,  E.  2  E.,  and  farther  south  the  green  chlori- 
tic  diabase  is  to  be  seen  occupying  the  same  position  as  on  the  Gogo- 
gashugan. 

On  the  Montreal  river  there  is  a  great  display  of  the  green  diabase, 
the  exposures  running  along  for  more  than  a  mile  down  stream  from 
the  N.  W.  i  of  the  N.  W.  J  of  Sec.  13,  T.  46,  R  2  E.,  in  wliich  distance 
there  are  several  heavy  falls.  The  southernmost  exposures  are  within 
a  few  rods  of  a  reddish  quartzite  belonging  to  No.  XXI  of  the  Huron- 
ian  (Atlas  Plate  XXVI).  All  of  these  ledges  show  a  brown-to-pink- 
weathering  rock,  which  is  moderately  fine-grained,  greenish-gray  to 
green  on  a  fresh  fracture,  distinctly  crystalline,  and  amygdaloidal.  The 
amygdules  are  large,  often  reaching  a  fourth  of  an  inch  in  diameter, 
somewhat  plenty,  and  composed  of  (1)  calcite,  often  with  a  shell  of 
chlorite;  (2)  pink  orthoc!ase;  and  (3)  chalcedony-like  quartz.  Others 
occur  of  a  cylindrical  shape,  as  much  as  an  inch  in  length  and  an  eighth 
of  an  inch  in  diameter,  and  composed  of  a  center  of  greenish  epidote. 
around  which  is  a  ring  of  quartz,  making  up  most  of  the  amygdule, 
and  beyond  this  again  a  shell  of  very  dark  green  chlorite.  Microscop- 
ically, this  rock  closely  resembles  the  green  diabase  of  the  Flambeau 
trail  and  the  Gogogashngun  river,  of  which  it  is  beyond  doubt  a  con- 
tinuation. Greenish  and  orange-colored  patches  in  the  thin  section  of 
the  Montreal  river  rock  seem  to  indicate  altered  chrysolite.  No  definite 
structure  was  made  out  on  any  of  the  exposures.  Dikes  were  seen  one 
to  two  feet  wide,  of  an  aphanitic,  black,  heavy  rock,  showing  a  strongly 
marked  cross-columnar  structure. 

Below  the  green  diabase  on  the  Montreal  river,  in  Sec.  2,  T.  46,  R.  2 
E.,  were  noticed  exposures  of  black  aphanitic  diabase  of  the  Ash-bed 
type,  apparently  part  of  the  same  belt  as  recognized  on  the  Gogogashngun 
in  Sec.  8.  From  the  mouth  of  the  Gogogashngun  nearly  to  the  cross- 
ing of  the  Flambeau  trail  in  the  N.  E.  J  of  Sec.  21,  T.  47,  E.  1  R, 
there  are  no  exposures  on  the  Montreal.  From  the  trail  to  the  mouth  of 
the  latter  stream,  the  rocks  are  almost  constantly  in  view,  often  forming 
the  walls  of  deep  gorges,  or  producing  rapids  and  falls.  In  all  this  dis- 
tance the  rocks  form  a  continuous  series,  the  layers  standing  on  end,  with 
a  dip  lessening  from  90*  to  about  76*-80*  at  the  lake  shore.  At  the  base, 
in  the  vicinity  of  the  Flambeau  trail  and  the  upper  fall,  diabase  and 
diabtise-amygdaloid  alternate  with  red  sandstone  and  sliale.    Farther 
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down  the  stream  are  boulder-conglomerate,  and  alternations  of  sand- 
stone and  black  shale,  followed  by  an  enormous  thickness  of  red  sand- 
stone and  red  sandy  shale.  This  gener&l  succession  is  shown  in  the 
map  and  section  of  Plate  XVIII  of  this  volume,  and  the  details  of  the 
alternations  of  diabase  and  sandstone,  with  the  main  features  of  the 
topography,  in  Plate  XIX. 

The  diabase  of  the  beds  shown  on  the  latter  plate  is  the  ordinary 
typical,  grayish  to  brownish,  sometimes  reddish  rock  described  by  Pro- 
fessor Pumpelly.  The  beds  are  well  defined  from  one  another  by  the 
amygdaloidal  portions,  which  are  here  far  more  strongly  marked  than 
at  any  other  point  in  "Wisconsin.  The  lower  portions  of  the  flows  are 
characterized  by  a  very  distinct  columnar  structure  at  right  angles  to 
the  bedding.  The  finest  exhibition  of  both  amygdaloidal  belts  and 
columnar  structure  is  to  be  seen  at  the  head  of  the  upper  falls,  where 
at  low  water  there  is  a  very  large  surface  of  bare  rock.  The  following 
is  the  succession  of  layers  shown  on  Plate  XIX,  beginning  above,  at 
the  base  of  the  conglomerate: 

Thieknesi 
in  fefi. 

I.  Diabase 20 

II.  Red  shaly  sandstone 10 

III.  Diabase 1 4 

TV.  Sandstone  and  shale,  inclading  the  following  subdivisions:  (1)  thin  lami- 
nated red  shale,  4  feet;  (2)  purplish,  lumpy,  fine-grained  sandstone,  8 
feet;  (3)  like  (1),  2H  feet;  (4)  Uke  (2),  6  feet;  (5)  like  (1),  veiy  bright 
red,  1}4  feet;  (6)  like  (2),  5  feet;  (7)  bright  red  clay  shale,  14  feet; 

total 41 

V,  Diabase,  including  the  following  subdivisions :  (1)  amygdaloid  with  abund- 
ant amygdules  of  prehnite,  laumontite,  calcite  and  chlorite,  and  with 
seams  of  laumontite  and  large  patches  of  calcite  in  the  more  thoroughly 
altered  portions,  having  at  base  a  heavy  laumontite  and  calcite  seam 
carrying  copper,  and  on  which  some  mining  has  been  done,  25  feet; 
(2)  pseudo-amygdaloid,  5  feet;  (3)  compact  portion  with  distinct  colum- 
nar structure,  the  rock  having  on  a  fresh  fracture  a  grayish  color  and  dis- 
tinctly crystalline  appearance,  though  veiy  fine-grained,  70  feet;  in  all      100 

VI.  Covered 185 

VII.  Diabase^  with  subdivisions  as  in  Y 92 

Vni.  Red  sandstone  and  shale 20 

IX.  Diabase\i^  subdivisions  as  inV;  compact  portion  dark  chocolate  brown       50 

X.  Reddish  conglomeratic  sandstone 60 

XI.  Diabase,  including :  amygdaloid,  10  feet;  compact  portion,  20  feet;  in  all,       80 
XII.  Diabase,  indudmg:  amygdaloid,  5  feet;  compact  portion,  20  feet;  in  all,       25 

XIII.  Diabase,  with  usual  subdivisions 10 

XIV.  Canghmerate 33 

XV.  BMsandstone  and  shale 60 

XVI.  Diabase,  with  usual  subdivisions 60 

XVII.  Bed  sandstone  Bud  shale 20 

XVIII.  Compact,  dark  greenish-gray  diabase,  with  amygdaloid  at  top,  and 

showing  a  tendency  to  a  cross-columnar  structure 21 
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feet. 

XIX.  Diabase,  indading:  (1)  amygdaloid,  in  many  places  showing  a  tendency 
to  cros8<co]amnar  stractoie,  scnne  bands  almost  completely  made  of 
amygdoles,  and  others  with  bat  few,  15  feet;  (2)  compact  portion, 

highly  columnar,  8  feet;  in  all 23 

XX.  Diabase,  indoding:  (1)  amygdaloid  in  distinct  bands  as  in  XIX,  some 
of  the  bands  showing  a  change  to  laamontite  and  caldte — the  amyg- 
dules,  in  order  of  abundance,  being  prehnite,  pink  orthodase,  ortho- 
dase  and  calcite,  orthodase  and  prehnite,  caldte,  11  leet;  (2)  compact 
portion,  with  columnar  structure,  10  feet;  in  all 21 

XXI.  Diabase,  induding:  (1)  amygdaloid,  in  many  places  altered  into  laamon- 
tite seams,  2  feet;  (2)  compact  portion,  ?0  feet;  in  all 82 

XXIL  Redday«Aafo 5 

XXIII.  Diabase,  without  amygdaloid 10 

XXIV.  Diabase,  induding:  amygdaloid,  mostly  covered,  15  feet;  compact  por- 

tion, 40 feet;  inall 55 

XXV.  Covered 185 

XXVL  nedshah 40 

Total 1,209 

Beyond  the  limits  of  Plate  XIX,  and  up  the  river  to  the  trail,  there 
are  numerous  exposures  of  Nos.  XVI  to  XXVI.  A  specimen  of  the 
rock  at  the  trail  has  been  examined  by  Frefessor  Fumpelly,  according 
to  whom  it  is  a  typical  diabase  pseudo-amygdaloid,  containing  anorthite 
and  augite,  with  chlorite  and  calcite  in  the  amygdules,  which  are  ex- 
ceedingly small  and  not  readily  recognizable  with  the  naked  eye.  It  is 
a  brownish  rock  minutely  speckled  with  white  and  green. 

West  of  Bad  riveVy  the  only  exposures  of  diabase  that  have  been 
seen  are  on  Silver  creek  and  the  Brunschweiler  river. 

The  exposures  on  Silver  creek  are  chiefly  in  sections  15  and  22,  T.  45, 
R.  3  W.  Where  the  Wisconsin  Central  road  crosses,  in  the  south  half 
of  Sec.  10,  the  creek  is  in  a  steep-sided  ravine  85  feet  deep,  with 
banks  of  red  clay.  Ascending  frem  here  the  ravine  continues  with 
about  the  same  depth  to  the  south  line  of  Sec.  15,  where  it  shallows 
and  becomes  narrower.  The  exposures  are  all  low,  never  rising  more 
than  five  or  ten  feet  above  the  water.  The  northernmost  rock  (130; 
sp.  gr.,  2.67)  is  about  20  rods  below  the  forks,  and  near  the  south  line 
of  Sec.  15.  It  is  a  dark-brown,  soft,  and  highly  altered  diabase,  the 
matrix  changed  to  reddish  laumontite,  and  the  amygdules  of  laumontite 
and  calcite.  Frem  here,  up  the  left  hand  or  western  fork,  small  expos- 
ures continue  of  a  similar  rock  (132^  133),  often  showing  also  the 
epidotic  change.  About  half  a  mile  up  the  same  creek  are  low  ledges 
of  a  brick-red  compact  felsitic  porphyry  (134),  beyond  which  are  again 
small  ontcreps  of  altered  diabase-amygdaloid  (135).  The  eastern  fork 
is  without  exposure. 
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On  the  Brunschweiler  river  in  gections  15  and  22,  T.  45,  R  4  W. 
the  exposures  are  much  larger  than  on  Silver  creek.  There  are  also 
ledges  in  the  creeks  to  the  west  of  the  river.  On  tlie  river  itself,  the 
rock  inimediatelj  succeeding  the  gabbro  is  a  non-quartziferous  por- 
phyry (65),  having  a  brown  matrix  and  long  thin  plates  of  reddish 
feldspar.  This  is  succeeded  by  a  narrow  belt  of  brick-red  felsitic  por- 
phyry, over  which  the  river  falls,  near  the  south  line  of  Sec.  15.  The 
quartzless  porphyry  is  seen  again  on  the  east  side  of  Sec.  15,  near  the 
quarter-post  Both  here  and  on  the  river  the  next  rock  above  is  a  black, 
aphanitic,  conchoidal-fracturingdiabase  of  the  Ash-bed  type,  with  a  width 
of  some  60  paces.  Below  this  on  the  river  there  are  no  exposures  for 
200  to  300  paces,  when  small  ones  appear  of  a  reddish  porphyry, 
succeeded  by  others  of  the  ordinary  diabase  and  diabase-amygdaloid, 
the  latter  for  the  most  part  largely  altered  to  laumonite.  These  extend 
down  the  river  for  some  300  paces.  Beyond  these  are  no  exposures 
until  the  southeast  comer  of  Sec.  10  is  reached,  where  are  l^ges  of 
conglomerate. 

In  the  northwestern  part  of  T.  44,  R.  5  W.,  are  a  number  of  low 
diabase  exposures.  In  T.  44,  E.  6  W.,  and  beyond,  they  become  more 
numerous  and  larger,  as  described  by  Professor  Chamberlin  in  another 
part  of  this  volume. 

Granite. 

The  same  coarse  granite  that  is  found  cutting  the  upper  mica-schists 
of  the  Huronian  penetrates  also  in  veins  and  vein-like  masses  the  gab- 
bro at  the  base  of  the  Keweenawan  System.  It  is  coarse-grained,  and 
in  color  from  pink  to  red,  mottled  with  white,  gray,  and  black.  The 
constituents,  mentioned  in  order  of  importance,  are  pink  orthoclase,  but 
little  altered,  in  grains  which  frequently  reach  one-fourth  to  one-half 
inch  in  length;  gray  translucent  quartz  in  grains  up  to  about  two-tenths 
of  an  inch  in  diameter;  abundant  black  lustrous  biotite,  in  minute 
flakes;  also  rarer  and  smaller  white  plagiockse  and  still  rarer  magnetite; 
apatite.  The  quartz  of  this  granite,  as  is  commonly  the  case  with  the 
coarse-grained  intrusive  granites,  is  crowded  with  liqnid  inclusions, 
which  in  some  cases  cloud  the  grains,  and  not  unfrcquently  contain 
separate  cubes  of  sodium  chloride.  The  coarseness  of  grain,  the  highly 
crystalline  texture,  the  entire  absence  of  a  laminated  arrangement  of 
the  constituents,  and  of  any  indication  of  a  clastic  origin,  and  the  com- 
parative richness  of  the  quartz  in  fluid  inclusions,  all  serve  to  distin- 
guish this  granite  from  that  which  is  merely  a  dependency  or  particu- 
lar phase  of  the  Laurentian  gneisses,  and  at  the  same  time  to  ally  it  to 
the  true  intrusive  granites.  That  it  really  is  intrusive  is  proven  by  the 
position  it  has  been  found  occupying  both  in  the  mica-schists  of  the , 
Vol.  III.— 13 
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Huronian,  and  in  the  Keweenawan  gabbro.  In  a  number  of  places,  how- 
ever, the  same  coarse  granite  has  been  seen  rising  in  low  mound-like 
forms,  without  neighboring  outcrops  of  the  including  gabbro,  and  this 
has  given  rise  to  the  erroneous  idea  that  the  belt  I  have  described  as 
made  up  of  gabbro,  is  composed  largely  or  entirely  of  granite. 

Messrs.  T.  B.  Brooks  ^  and  C.  E.  Wright  have  found,  in  the  Mar- 
quette  and  Menominee  districts  of  Michigan,  a  granite  formation,  re- 
garded by  them  as  indigenous,  at  the  summit  of  the  Huronian  system, 
and  Mr.  Brooks  has  assigned  the  rock  now  under  discussion  to  the  same 
horizon,  having  the  erroneous  impression  mentioned  above.  I  am  un- 
acquainted with  the  upper  Huronian  granite  of  these  gentlemen,  but 
in  the  Bad  river  country  we  have  unquestionably  to  do  with  a  true  in- 
trusive (exotic)  granite,  which  is  quite  subordinate  in  quantity  to  the 
gabbro  it  penetrates.* 

Detailed  descriptions  have  been  given  in  preceding  pages,  of  the 
granite  cutting  gabbro  at  the  falls  of  Bad  river,  Sec.  30,  T.  45,  R  2  W., 
as  also  that  found  cutting  both  mica-schist  and  gabbro  in  the  north- 

'  Am.  J.  Science  and  Arts,  March,  1876. 

'  Mr.  Wright,  who  has  had  occasion  to  examine  the  Bad  river  granite  in  one  or  two 
places,  in  his  report  as  Commissioner  of  Mineral  Statistics  to  the  state  of  MicJiigan,  al- 
ludes to  the  Laurentian  and  upper  or  Huronian  granites  at  some  length,  stating  that 
all  of  the  Michigan  and  Wisconsin  varieties  of  which  he  has  examined  thin  sections, 
are  metamorphic,  i.  «.,  are  indigenous  or  merely  sediments  altered  in  place.  This  con- 
clusion he  bases,  however,  on  the  wholly  erroneous  idea  that  an  igneous  (intrusive)  gran- 
ite is  always  characterized  by  the  absence  of  liquid-filled  and  presence  of  gkss  or  stone- 
filled  cavities,  in  the  quarts,  these  characteristics  being  inverted  for  the  metamorphic 
(indigenous)  granite.  But  the  true  intrusive  granites  are  well  known  to  cany  quartzes 
in  which  the  liquid-filled  cavities  are  in  especial  number  and  abundance,  many  holding 
the  salt  cube  of  which  Mr.  Wright  speaks;  while  glass  and  stone-filled  cavities  have 
never  been  observed  in  true  granular  granites,  their  existence  even  in  those  varieties 
which  cany  crystals  of  quartz  in  a  base  approaching  that  of  the  felaites  being  strongly 
questioned  by  such  authorities  as  Zirkel  and  Rosenbusch.  The  term  igneous,  used  by 
Mr.  Wright,  who  seems  also  to  hold  to  the  unwarrantable  theoiy  that  the  original  rock 
of  the  earth*s  first-formed  crust  would  be  granite,  is  one  not  applicable  to  any  granites, 
since  even  in  the  case  of  the  exotic  kinds  the  relation  of  the  constituent  minerals  dis- 
proves a  true  igneous  origin.  The  quartz  of  granite  is  always  the  last-formed  mineral* 
wherean,  from  its  infusibility,  it  would  certainly  be  the  first  to  form  in  cooling  from  a 
state  of  fluidity.  All  the  facts  go  to  show  that  the  true  intrusive  granites  are  bat 
sediments  softened  by  what  has  been  termed  aquo-igneous  fusion  to  a  degree  of  plastic- 
ity Bofificient  to  allow  of  their  penetrating  fissures  in  the  adjacent  formations.  The  in- 
trusive or  exotic  granites,  and  the  metamorphic  or  indigenous  granites,  have  thus 
had  about  the  same  origin,  and  there  are  no  hthological  characteristics  whatever,  either 
microscopic  or  macroscopic,  by  which  we  can  distinguish  them  in  specimens.  See  H. 
Rosenbusch,  in  **  Microscopisdie  Physiographie  der  massigen  Gesteine,'*  pp.  8»  9;  also 
"  Microscopische  Physiographie  der  petrogr^)hisch-wichtigen  Mineralien,*'  p.  225.  F. 
Zirkel,  **  Microsoopische  Beschaffenheit  der  Mineralien  und  Qesteine,**  pp.  105,317; 
,  also,  "  Geological  Survey  of  the  Fortieth  Parallel,"  Vol.  YI,  pp.  58,  59. 
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eastern  portion  of  T.  44,  R  3  W.,  and  southeastern  of  T.  45,  R.  3  W. 
The  other  granite  exposures,  which,  so  far  as  known,  occur  wholly  in 
the  towns  west  of  Bad  river,  show  exactly  the  same  rock.  The  posi- 
tions of  a  number  of  these  are  indicated  on  Atlas  Plate  XXII.  Fig.  2 
of  Plate  XV  C  of  this  volume,  shows  the  appearance  of  sections  of  this 
granite  under  the  microscope. 

Granitic  Porphyry. 

In  the  vicinity  of  the  Ironton  trail,  in  the  southern  part  of  Sec.  34, 
T.  46,  E.  1  W.,  have  been  noticed  ledges  of  a  bright  red  rock  (165), 
which  macroscopically  appears  to  consist  of  a  compact  red  base,  in 
which  are  developed  numerous  small  cleavage  surfaces  of  orthoclase, 
and  minute  dark  gray  quartzes.  A  few  particles  of  greenish  chlorite 
also  appear.  The  silica  content  is  72.5,  and  the  specific  gravity  2.63. 
These  characters  appear  to  place  it  with  those  granite-like  rocks  which 
stand  between  the  true  granites  and  the  felsitic  porphyries.  Under 
the  microscope  the  quartz  and  orthoclase  are  the  main  constituents, 
with  magnetite  and  chlorite  as  accessories.  The  quartz  carries  very  abund- 
ant fluid  inclusions,  often  reacliing  .015  mm.  in  length.  Most  of 
these  hold  a  bubble,  which  is  at  times  stationary  and  in  other  cases 
moves  rapidly  from  side  to  side  of  the  cavity.  The  orthoclase  crys- 
tals are  both  clear  and  red-stained.  The  latter  are  most  plenty,  and 
are  often  rendered  nearly  opaque  by  the  decomposition  and  red  iron 
oxide  which  stains  them. 

Felsitic  Porphyries, 

Interstratified  with  the  diabase  beds  of  the  Keweenawan  System,  are 
bands  made  up  of  felsitic  porphyries,  mostly  of  the  quartz-porphyry 
kind.  These  rocks  have  the  usual  characters  of  allied  rocks  in  other 
regions,  namely  a  felsiiic  base  of  orthoclase  and  quartz  —  and  conse- 
quently a  high  silica  content — which  may  contain  macroscopic  crystals 
of  orthoclase  and  quartz,  or  one  of  these  alone,  or  neither.  All  of  these 
varieties  are  found.  The  prevailing  color  is  some  shade  of  red.  One 
of  the  most  abundant  and  least  altered  kinds  has  a  lilac  to  pink  matrix, 
in  which  are  scattered  black  quartzes,  full  of  fluid  inclusions,  and  por- 
cellaneous orthoclase.  In  some  of  the  red  varieties  the  orthoclase  crys- 
tals and  orthoclase  base  are  more  or  less  completely  altered,  and  the 
softened  rock  is  easy  to  confound  in  the  field  with  some  of  the  red- 
stained  and  highly  altered  diabases. 

In  one  or  two  places  these  porphyries  have  been  noticed  having  a 
distinctly  conglomeratic  character,  and  in  one  or  two  other  places  are 
seen  to  grade  into  a  fine-grained  rock  of  clastic  appearance.    Since 
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Bimilar  appearances  are  known  with  other  ancient  porphyries,^  and 
since  in  the  Michigan  region  all  the  porphyry  beds  yet  studied  in  detail 
are  distinctly  clastic,  a  strong  suspicion  is  aronsed  as  to  the  possible  frag- 
mental  nature  of  all  of  the  apparently  compact  porphyries  of  this  region. 
Should  we  regard  them  as  certainly  eruptive,  we  should  be  led  at  once 
to  reject  Eichthofen's  law  as  to  the  succession  of  acid  and  basic  rocks, 
as  far  as  the  more  ancient  formations  are  concerned,  for  here  we  have 
distinct  alternations  of  the  two  kinds.  In  Douglas  county,  on  the 
north  side  of  the  great  synclinal,  Mr.  Sweet  has  found  similar  alterna- 
tions, the  porphyry  without  indication  of  clastic  origin. 

The  southernmost  of  the  several  porphyry  belts  recognized  is  that 
represented  by  low  exposures  in  the  vicinity  of  the  Ironton  trail,  in  the 
eastern  part  of  Sec.  34,  T.  46,  R.  1  TV.,  and  again  on  the  Potato  river 
in  Sec  35  of  the  same  township.  From  its  position  it  seems  not  im- 
probable that  the  porphyry  in  sight  on  the  Gogogashugun  river,  near 
the  north  line  of  Sec.  8,  T.  46,  E.  2  K,  belongs  to  the  same  belt,  which 
appears  to  have  but  an  inconsiderable  width  when  compared  with  the 
more  northern  ones.  It  is  possible  that  the  red  rock  on  the  Brun- 
schweiler  river,  in  the  north  part  of  Sec.  22,  T.  45,  E.  2  W.,  belongs 
also  to  this  horizon,  but  it  has  distinct  gabbro  both  north  and  south  of 
it,  and  is  at  such  a  distance  from  the  other  exposures  named,  that  this 
must  remain  a  mere  conjecture. 

The  rock  seen  on  the  Brunschweiler  is  a  light  pinkish  to  brick-red 
and  even  purplish-red  fekite  (sp.  gr.  2.52),  showing  only  rare  and  small 
crystalline  facets  to  the  naked  eye.  It  is  exposed  both  on  the  river 
and  also  at  a  point  some  30  to  40  rods  west  The  rock  near  the  Iron- 
ton  trail  in  Sec.  34,  T.  46,  E.  1  W.,  is  not  well  exposed,  and  is  much 
weathered  and  brown  stained.  It  appears  to  approach  closely  to  that 
seen  on  the  Brunschweiler.  The  same  is  true  of  the  rock  on  the  Potato 
river,  in  the  north  part  of  Sec.  35.  The  exposures  of  porphyry  on 
the  Gogogashugun  foi*m  a  belt  just  100  paces  in  width,  bounded  both 
north  and  south  by  diabase.  The  northernmost  exposures  lie  but  a  few 
steps  south  of  the  north  line  of  Sec.  8,  T.  46,  E.  2  R  On  the  northern 
border  of  this  porphyry  is  a  narrow  belt,  two  paces  wide,  of  a  hard  but 
distinctly  laminated  shale-like  rock.  The  porphyry  itself  (3,026  to 
3,028)  lias  an  exceedingly  hard,  pinkish  to  dark  purplish-red  matrix, 
the  lighter  colored  kinds  canying  small  porphyritic  quartzes,  the  darker 
varieties  small  brick-red  orthoclase  facets,  and  also  showing  a  minute 
blackish  green  mottling  due  apparently  to  chlorite. 

1  In  Eastern  Massachnsetts,  near  Boston,  very  ancient  felsitic  poiphjrriet  show  every 
possible  stage  of  alteration,  from  conglomerate  to  compact  porphyry.  See  T.  P.  BoaYi: 
Proceedings  Boston  Soc  Nat  Hist.,  1862,  p.  57;  1876,  p.  217. 
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The  second  porphyry  belt,  one  of  the  two  principal  ones,  is  known 
from  exposures  on  the  Brunschweiler,  Silver  Creek,  Tyler's  Fork,  and 
the  Potato,  it  having  apparently  a  much  greater  width  in  its  eastern, 
than  in  its  western  portions.  On  the  Brunschweiler  this  belt  is  not 
over  100  paces  in  width.  The  rock  is  seen  at  the  foot  of  the  falls,  near 
the  south  line  of  Sec.  15,  T.  45,  E.  4  "W.,  where  it  is  a  brick  red  felsite 
(sp.  gr.  2.62)  almost  without  crystals.  On  the  west  fork  of  Silver  creek, 
northwest  quarter  Sec.  22,  T.  45,  E.  3  W.,  a  precisely  similar  rock  (134) 
is  seen  in  a  small  and  low  exposure. 

On  Tyler's  Fork  the  exposures  which  appear  to  belong  to  this  belt 
are  in  the  southern  part  of  Sec.  16,  T.  45,  R.  2  W.,  where  the  river  has 
an  easterly  course.  Here  are  a  number  of  low  ledges  forming  rapids 
in  the  bed  of  the  stream.  The  ledge  500  paces  down  the  stream  from 
the  east  line  of  Sec  16  shows,  for  a  width  of  100  feet,  the  characters 
of  the  ordinary  porphyry  conglomerate  of  the  Keweenaw  System.  On 
the  other  exposures  the  conglomeratic  appearance  is  not  evident.  Some 
of  the  rock  is  a  dark  red,  exceedingly  compact,  jointed  felsite,  but  most 
of  it  has  a  pinkish  to  lilac  base  (145),  thickly  studded  with  white  porcel- 
lanous  crystals  of  orthoclase,  the  larger  ones  one-eighth  inch  by  one- 
twentieth  inch  in  size,  and  smaller  dark  gray  glassy  quartzes.  If  there 
are  no  beds  of  the  diabase  intercalated  in  the  covered  spaces,  the 
porphyry  has  here  a  width  of  as  much  as  800  to  1,000  paces. 

On  the  Potato  river,  in  Sec.  15,  T.  46,  E.  1  W.,  from  the  mouth  of 
the  little  Potato  up  the  stream  for  several  hundred  paces  are  low  out- 
crop of  a  rock  (162;  sp.  gr.  2.58)  very  close  to  that  last  described. 
Under  the  microscope  it  presents  a  wholly  crystalline  base,  in  which 
orthoclase  appears  to  predominate,  and  which  includes  numerous  mi- 
nute, yellow  and  blood-red  scales  of  ferric  oxide,  to  which  the  color  of 
the  rock  is  probably  due,  as  also  minute  particles  of  magnetite  and 
biotite.  Quartz  and  orthoclase  occur  porphyritically,  both  showing 
often  in  the  section  sharp  linear  outlines.  The  quartz  is  crowded  with 
liquid  inclusions,  while  the  orthoclase  is  dulled  and  whitish.  Above 
the  Ironton  trail  to  the  southeast  part  of  Sec.  15,  other  porphyry  ex- 
posures occur.  That  seen  in  Sec  15  is  a  brick-red  felsite.  If  all  these 
ledges  indicate  one  porphyry  belt,  which  is  by  no  means  necessarily  the 
case,  its  width  is  as  much  as  a  mile.  Brick  red  felsite  is  to  be  seen  at 
several  points  along  the  course  of  this  belt,  in  the  northwest  part  of  T. 
46,  E.  1  E.,  and  southeast  of  T.  47,  E.  1  E.,  but  where  it  would  strike 
the  Montreal  river  there  are  no  exposures. 

The  third  and  northernmost  porphyry  belt  is  known  from  exposures 
near  the  Brunschweiler  in  Sec  15,  T.  45,  E.  4  W.,  and  on  Bad  river, 
at  the  mouth  of  Tyler's  Fork,  Sec.  17,  T.  45,  E.  2  W.    The  exposures 
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at  the  latter  place  are  very  large.  The  gorge  of  Bad  river  is  cut  for 
Borae  distance  through  the  porphyry,  and  the  fall  of  45  feet  at  the 
mouth  of  Tyler's  Fork  is  over  the  same  rock.  The  position  of  the  ex- 
posures and  their  relations  to  the  adjoining  conglomerate  and  diabase 
beds,  will  be  best  understood  from  an  inspection  of  Plate  XVI  of  this 
volume. 

We  have  here  several  phases  of  porphyry  in  the  same  bed;  (1)  the 
lilac  porphyry,  like  that  described  above  as  characterizing  much  of  the 
middle  one  of  the  three  porphyry  belts  (150);  (2)  a  much  altered  quartz- 
porphyry  (37,  sp.  gr.,  2.58;  42,  sp.  gr.,  2.60)  having  a  brick-red,  some- 
what softened  matrix,  scattered  through  which  are  minute  brighter  red 
orthoclases,  and  dark  gray  to  black  quartzes;  and  (3)  an  exceedingly 
compact,  dark  red  to  brown,  highly  jointed  rock  (138,  sp.  gr.,  2.7),  with- 
out sign  of  porphyritic  feldspar  or  quartz.  According  to  Professor 
PumpcUy,  the  second  one  of  these  varieties^  shows  in  the  thin  section 
abundant  quartzes,  into  which  club-shaped  masses  of  the  felsitic  base 
project,  and  orthoclases  almost  wholly  decayed  to  a  kaolin-like  sub- 
stance. According  to  the  same  authority,  the  last  named  variety  is 
merely  an  aggregation  of  tabular  crystals  of  orthoclase,  stained  brown 
with  iron  oxide.  This  variety  comes  from  the  upper  portion  of  the  bed 
and  immediately  below  the  conglomerate,  where  it  is  cut  up  by  two  sys- 
tems of  joints  into  small,  smooth-faced  fragments  a  few  inches  on  a  side. 
In  many  places  the  joint-cracks  have  since  been  filled  with  calcite, 
which,  in  the  uppermost  25  or  30  feet,  makes  up  a  large  part  of  the 
whole  mass. 

Conglomerate. 

Besides  the  conglomeratic  phase  of  quartz-porphyry  and  the  fine 
conglomerates  subordinate  to  sandstone,  there  are  recognized  as  char- 
acterizing the  Keweenawan  System,  throughout  its  entire  extent,  great 
bands  of  boulder-conglomerate,  often  many  thousand  feet  thick,  and 
made  up  of  rounded  boulders  from  six  inches  to  two  feet  in  diameter. 

One  of  these  great  conglomerate  beds  extends  entirely  across  our  dis- 
trict from  the  Montreal  river  to  the  west  line  of  E.  5  W.  Further  west  it 
appears  to  be  present  at  a  number  of  points  described  in  the  notes  left 
by  the  late  Mr.  Strong.  It  seems  to  have  been  thus  traced  for  a 
total  length  of  70  miles  in  Wisconsin.  It  also  certainly  extends 
a  long  distance  eastward  into  Michigan,  being  distinctly  recognizable 
as  far  east  as  the  Porcupine  Mountains.  Like  all  of  the  beds  lower 
down  in  the  system,  it  lessens  in  thickness  as  it  is  traced  westward,  be- 
ing 1,200  feet  thick  on  the  Montreal,  over  700  on  the  Potato,  and  only 
about  800  on  Bad  river,  west  of  which  it  appears  to  widen  again,  though 
this  is  partly  due  to  a  flattening  in  the  dip.    The  constituent  boulders 
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include  many  of  felsitic  porphyry;  more  are  of  the  ordinary  diabase 
and  diabase-amygdaloid,  and  in  some  places  qiiartzite  boulders  are 
plenty.  The  matrix,  which  is  often  almost  wholly  excluded,  is  a 
dark  reddish-brown  sandstone,  composed  apparently  of  the  same  mate- 
rials as  the  boulders  in  a  finer  condition.  The  stratification  of  the 
mass  is  in  many  places  only  evident  from  the  occurrence  of  thin  layers 
of  sandstone  with  few  or  no  boulders.  There  is  often  much  calcite 
between  the  boulders  and  sand  grains,  evidently  an  infiltration  product 
The  conglomerate  exposures  on  the  Monti'eal,  the  finest  in  the  dis- 
trict, are  in  Sec  20,  T.  47,  R  1  K  The  river  passes  here  through  a 
narrow  tortuous  gorge  with  walls  of  conglomerate  on  each  side  several 
hundred  feet  in  height.  Plates  XVIII  and  XIX  will  serve  to  give  a 
correct  idea  of  the  topography  and  geology  at  this  place.  Plate  XVII 
shows  the  occurrence  of  the  conglomerate  on  the  Potato,  Sec.  17,  T.  46, 
R  1  W.,  and  Plate  XVI  does  the  same  for  the  conglomerate  on  Bad 
river,  Sec.  17,  T.  45,  E.  2  "W.  The  general  course  of  the  conglomerate 
belt  is  shown  on  Atlas  Plate  XXII.  On  Potato  river,  besides  the  main 
conglomerate,  740  feet  wide,  there  are  four  narrower  bands,  separated 
by  shale  and  sandstone  layers,  and  ranging  from  seven  to  forty  feet  in 
width.  On  Bad  river  there  is  a  distinct  ptiduation  into  the  overlying 
sandstone. 

Sandstone  and  Shale. 

Above  the  boulder-conglomerate  just  described,  and  forming  the 
uppermost  part  of  the  Keweenawan  System,  is  an  immense  thickness  of 
^ndstone,  including  some  red  sandy  shale  gi'ading  into  clay-shale,  and, 
at  the  base,  in  the  eastern  half  of  the  district,  layers  of  blackish  shale 
interstratified  with  a  peculiar  hard,  gray  to  brown  and  brownish-red 
sandstone,  unlike  the  ordinary  red  variety.  Immediately  below  the 
boulder-conglomerate,  also  only  in  the  eastern  part  of  the  district,  red 
sandstone  and  shale  are  interstratified  with  diabase  and  diabase-amyg- 
daloid; and  further  down  in  the  series  occasional  indications  of  inter- 
stratified sandstones  are  met  with. 

The  alternations  of  red  sandstone  and  shale  with  diabase  and  diabase- 
amygdaloid  immediately  below  the  conglomerate,  on  the  Montreal 
river,  are  given  on  page  191  and  on  Plate  XIX.  In  a  total  thickness 
of  about  1,200  feet,  there  are  here  289  feet  of  sandstone  and  shale,  in 
nine  different  beds,  ranging  from  five  to  sixty  feet  in  width.  The  rock  of 
these  layers  grades  from  a  fine  conglomerate  through  coarse  sandstone, 
and  thin-laminated,  fine-grained,  shaly  sandstone  to  clay-shale,  the 
color  being  always  some  shade  of  red.  All  of  these  are  largely  made 
of  a  feldspathic  constituent,  though  quartz  is  generally  present  to  some 
extent^  and  bright  scales  of  mica  often  dot  the  planes  of  lamination. 
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On  the  Potato  river  these  sandstone  layers  have  nearly  disappeared, 
there  being  only  one  narrow  one  left,  as  shown  on  Plate  XVII  and  ia 
the  descriptions  given  on  page  188. 

The  alternations  of  black  shale  and  sandstone  mentioned  as  coming  jast 
above  the  conglomerate  constitute  a  sharply  marked  horizon,  and  have 
received  a  separate  color  on  the  map  and  sections  of  Atlas  Plate  XXII. 
Like  the  conglomerate  and  other  members  of  the  series  below  them, 
they  narrow  rapidly  as  followed  westward,  having  on  the  Montreal  a 
total  thickness  of  350  feet,  on  the  Potato  of  250  feet,  and  on  Bad  river 
of  120  feet;  beyond  which  it  is  not  known  how  far  they  extend.  The 
relations  of  these  layers  to  the  other  formations,  as  shown  in  the  gorges 
of  the  three  rivers  named,  will  be  best  understood  from  Plates  XVI, 
XVII  and  XVIII  of  this  volume. 

The  shale  of  these  alternations  is  dark  purple  to  black,  very  soft  and 
clayey,  and  quite  regularly  laminated.  It  is  possible  that  it  at  times 
holds  carbon,  though  in  the  only  specimens  tried  this  did  not  prove  to 
be  the  case.  The  shale  layers  run  from  ten  to  fifty  feet  or  more  in 
width,  and  the  shale  is  subordinate  in  amount  to  the  associated  sand- 
stones, into  which  there  is  seen  in  places  a  distinct  graduation.  The  low 
percentage  of  silica  obtained  from  a  specimen  brought  from  Bad  river 
confirms  the  view  that  they  are  merely  fine-grained  varieties  of  the  asso- 
ciated sandstone.  These  are  dark  gray  to  brown,  very  close-grained 
and  compact,  and  often  appear  macroscopically  like  a  very  fine- 
grained crystalline  rock.  A  close  examination  shows  fine  lines  of 
lamination,  parallel  to  which  there  is  a  difficult  cleavage,  affording  sur- 
faces thickly  dotted  with  silvery  mica  fiakes.  On  the  Montreal  the 
rock  rises  in  massive  exposures,  often  much  cross-jointed,  and  forms 
in  several  places  islands  in  the  middle  of  the  stream  thirty  or  more  feet 
in  height. 

Under  the  microscope  the  thin  section  of  this  rock  (1,516)  shows  at 
once  its  clastic  nature,  and  at  the  same  time  the  reason  for  its  resem- 
blance to  some  of  the  compact  diabases  of  the  eruptive  portions  of  the 
system.  It  proves  to  be  made  up  chiefly  of  rounded  particles  of  the 
diabase,  and  of  the  constituent  minerals  of  that  rock,  some  of  the  par- 
ticles showing  only  one  mineral,  otliers,  derived  from  finer-grained 
varieties,  showing  the  several  minerals  associated  together.  A  smaller 
number  of  similarly  rounded  particles  present  the  appearance  of  the 
f elsitio  matrix  of  a  porphyry,  and  other  angular  fragments,  the  orthoclase 
crystals  of  the  latter  rock.  Only  a  rare  quartz  grain  is  to  be  seen.  All 
of  these  are  embedded  in  a  cement  of  calcite,  in  which  the  rhombohed- 
ral  cleavage  and  twinning  in  the  polarized  light  are  very  pronounced. 
Most  of  the  clastic  fragments  show  more  or  less  decomposition,  the  au- 
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gite  being  usually  changed  to  chlorite,  and  the  pla^ioclase  partly 
dolled,  though  still  often  recognizable  by  its  twin  lainellation.  Other 
less  easily  followed  changes  have  evidently  been  set  np  after  the  for- 
mation of  the  sandstone.  The  grains  run  from  0.135  ram.  to  0.45 
ram.  in  greatest  length,  most  of  them  averaging  0.25  to  0.35  mm. 
Figs.  1  and  2,  of  plate  XIX  A,  are  representations  of  the  thin  sec- 
tions of  this  rock. 

This  sandstone,  with  its  accompanying  shale,  occupies  apparently 
just  the  horizon  of  the  silver  and  copper-bearing  rocks  of  Iron  river, 
Michigan,  over  forty  miles  east  of  the  Montreal.  The  succession  there 
seems  to  be  closely  the  bame  as  that  on  the  Montreal,  and  the  silver- 
bearing  rock  is  the  same  as  the  rock  now  under  description,  which  is 
almost  wholly  without  quartzose  admixture.*  Assays  made  on  large 
samples  of  the  Montreal  river  sandstone  and  shale  showed  distinct 
traces  of  silver,  but  nothing  more. 

The  great  mass  of  red  sandstone  which  makes  up  the  upper  part  of 
the  Keweenawan  System,  with  an  apparent  thickness  of  upwards  of 
10,000  feet,  is  exposed  on  both  sides  of  the  synclinal.  Within  our  dis- 
trict the  northward-dipping  sandstones  are  to  be  seen  in  the  gorges  of 
the  Montreal,  Potato  and  Bad  rivers,  while  the  southward-dipping  beds 
are  seen  at  two  points  only,  on  Bad  and  White  rivers,  at  each  of  which, 
however,  there  is  a  considerable  thickness  exposed.  Elsewhere  they  are 
concealed  beneath  the  glacial  drift  and  Quaternary  lacustrine  clays, 
although  they  undoubtedly  underlie  all,  or  nearly  all,  of  the  area  be- 
tween the  lake  shore  and  the  northern  edge  of  the  highlands. 

In  both  external  characters  and  composition  these  sandstones  differ 
much  from  the  brown  calcitic  rock  last  described.  They  are  for  the  most 
part  reddish  in  color,  and  of  a  fine  to  medium  grain,  more  rarely  coarse- 
grained. Occasionally  light-colored  layers  are  seen.  The  fine-grained 
kinds  become  more  and  more  thinly  laminated,  and  more  thoroughly 
clayey,  as  they  become  finer,  grading  into  a  regular  clay-shale,  in  which, 
however,  some  little  admixture  may  be  detected.  The  clayey  material 
is  to  some  extent  always  perceptible  in  the  coarse  kinds,  in  which  quartz 
can  often  be  made  out  as  the  main  one  of  the  coarse  ingredients,  feld- 
spars being  then  also  distinctly  recognizable  to  the  naked  eye.  The 
one  or  two  thin  sections  examined  corroborate  this.  In  them  are  to  be 
seen  colorless  grains  0.225  mm.  to  0.5  mm.  in  length,  imbedded  in  a 
fine-grained  reddish  matrix.    The  larger  fragments  are  most  frequently 

'  Called  quartzite  by  C.  E.  Wright;  see  report  of  Commissioner  of  Mineral  Statistics 
of  the  State  of  Michigan  for  1878,  p.  202.  See,  also,  Greological  Survey  of  Michigan, 
VqL  III,  p.  157,  where  Dr.  Rominger  calls  the  same  rock  a  "sand-rock  hardened  by 
abondant  calcareoos  cement.** 
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quartz,  but  a  very  considerable  proportion  are  plagioclases,  and  there 
are  also  some  orthoclases.  The  matrix  appears  to  be  made  up  largely 
of  the  same  ingredients,  the  feldspars,  however,  being  for  the  most  part 
altered  to  a  clay- like  substance,  mingled  with  which  is  the  oxide  of 
iron  by  which  the  red  color  is  produced  (Figs.  3  and  4,  Plate  XIX  A), 
Many  samples  will  yield  a  large  beard  of  magnetite  on  treating  the 
powder  with  a  magnet 

On  the  Montreal  river,  the  northward-dipping  sandstones  are  exposed 
almost  continually  from  the  mouth  up  to  the  great  conglomerate.  The 
total  apparent  horizontal  width  here  is  12,000  feet,  and  the  thick- 
ness cannot  be  much  less,  since  the  dip  is  so  nearly  vertical  (Plate 
XVIII).  At  the  mouth  of  the  river  the  sandstone  rises  in  bold  cliflfs, 
80  to  90  feet  in  height,  directly  from  the  lake,  the  cliffs  stretching  a 
long  way  eastward  on  the  Michigan  shore,  but  ending  just  to  the  west 
of  the  river's  mouth.  Up  the  river  there  are  similar  bold  exposures,  a 
fall  of  some  90  feet  being  met  with  only  a  few  rods  from  the  lake. 
All  about  here  the  sandstone  layers  bear  about  N.  42**  E.  (magnetic), 
and  dip  75**  to  80**  to  the  northward.  The  thin  slaty  layers  alternate 
with  the  heavily  bedded  ones,  the  former  coming  out  under  the  ham- 
mer in  large  thin  slabs,  sometimes  two  or  three  feet  square.  Further 
up  the  river  the  characters  are  generally  the  same,  with  but  slight  vari- 
ation, the  vertical  sandstone  layers  in  many  places  rising  in  cliffs  100 
feet  and  upwards  in  height. 

On  the  Potato  river  the  sandstone  exposures  are  chiefly  in  the  S.  E. 
J  of  Sec.  18,  T.  46,  R  1  W.,  below  the  last  falls.  Here  the  exposures 
are  not  so  bold  as  on  the  Montreal,  the  rock  being  often  overlaid  by 
banks  of  red  clay.  The  vertical  dip  is  still  preserved,  the  strike  being 
K  45**  E.  The  entire  thickness  in  sight  is  about  1,800  feet.  The 
characters  are  the  same  as  on  the  Montreal  (Plate  XVII). 

On  Bad  river.  Sec.  17,  T.  45,  R  2  "W.,  the  thickness  in  sight  is  only 
about  300  to  400  feet.  The  exposures  are,  however,  bold,  rising  in  cliffs 
60  to  90  feet  in  height.    The  characters  are  otherwise  the  same. 

Southward-dipping  sandstones  are  in  sight  on  Bad  river,  in  Sec  25, 
T.  47,  R  3  W.,  near  Leihy's  old  mill.  They  form  here  a  series  of 
rapids  between  one  and  two  miles  long,  but  the  total  width  seen  is  only 
about  half  a  mile,  corresponding,  with  a  dip  of  38**  south,  and  N.  60**  to 
60**  E.  strike,  to  a  thickness  of  about  2,000  feet.  The  same  alternations 
of  thin  and  shaly,  and  heavy-bedded  layers,  as  noted  with  the  north- 
ward-dipping sandstone,  are  here  to  be  seen.  Figs.  3  and  4,  Plate  XTY  A, 
represent  a  thin  section  of  a  specimen  obtained  from  just  below  the 
dam  at  Leihy's. 

Precisely  similar  rocks  are  again  in  sight  on  White  river,  N.  R  J 
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of  Sec.  6,  T.  46,  K.  4  W.,  at  Welton's  dam.  Here  the  river  cuts 
through  the  sandstone  and  shale  for  abont  a  quarter  of  a  mile.  The 
whole  thickness  in  sight,  however,  is  not  more  than  300  to  400  feet. 
The  dip  is  25**  S.  E.,  and  the  strike  K  40^  E. 

The  following  table  of  analyses  will  serve  to  show  the  composition 
of  the  several  kinds  of  sandstone  described  in  the  foregoing  pages  as 
belonging  to  the  Keweenawari  System: 


1 

2 

3 

i 

5 

6 

7 

8 

SQica 

54.50 

49.94 

55.91 

51.98 

75.24 

69.78 
15.43 
7.93 
.49 
1.17 
2.64 
2.42 

72.14 

68.91 

Iron  sesQuioxide 

Lime 

Macn^siA  » t » . . . .  t .  r , 

Potash 

Soda 

Total 

99.86 

Of  these  analyses,  Nos.  1  to  3,  inclusive,  are  of  the  quartzless  brown 
sandstone  belonging  just  above  the  great  conglomerate.  No.  1  is  of  a 
specimen  (154)  from  the  wall  of  the  gorge  of  Bad  river,  Sec  17,  T.  45, 
R  2  W.,  about  a  hundred  feet  down  sti-eam  from  the  conglomerate 
(Plate  XVI);  and  No.  2  is  from  about  one  hundred  feet  further  down 
the  stream  (155).  No.  3  is  from  an  island  in  the  Montreal  river,  north- 
west quarter  of  Sec.  20,  T.  47,  K.  1  E.  A  thin  section  of  the  same  speci- 
men (1,516)  is  represented  in  Figs.  1  and  2,  Plate  XIX  A.  No.  4  is  black 
shale  (156)  interstratified  with  1  and  2  on  Bad  river.  No.  6  is  a  red- 
dish sandstone  (158)  from  Bad  river,  in  Sec.  17,  T.  45,  R  2^.,  the  last 
seen  in  descending  the  river  from  the  mouth  of  Tyler's  Fork.  No.  6  is 
a  reddish  feldspathic  sandstone  (44)  from  the  falls  of  Bad  river.  Sec.  25, 
T.  47,  R  3  "W.  The  thin  section  of  the  same  rock  is  shown  in  Figs.  3 
and  4  of  Plate  XIX  A.  No.  7  is  a  somewhat  more  quartzose  rock 
(45)  from  the  same  place.  No.  8  is  a  coarse  reddish  and  greenish 
sandstone  (125)  from  Welton's  dam.  Sec.  6,  T.  46,  R  4  W. 

ECONOMIC  CONTENTS  OP  THE  KEWEENAWAN  SYSTEM. 

The  Keweenawan  rocks  have  long  been  known  as  the  "Copper-Bear- 
ing" series,  in  allusion  to  the  large  amount  of  copper  they  contain  in 
the  typical  region  of  Keweenaw  Point  Copper  is  a  constant  associate 
of  these  rocks  throughout  their  entire  extent  in  Michigan  and  Wiscon- 
sin. Silver  generally  occurs  associated  with  the  copper,  though  in 
small  quantities.    It  also  occurs  in  independent  deposits,  especially  on 
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the  north  shore  of  Lake  Superior,  where  one  vem  has  proved  of  extra- 
ordinary richness. 

The  copper  of  Michigan  occurs  entirely  in  the  native  state,  a  thing 
elsewhere  observed  only  in  the  upper  or  altered  portions  of  veins  con- 
taining other  copper  minerals.  In  Michigan  there  are  two  classes  of 
copper  deposits  known,  the  true  fissure  veins — fissures  crossing  the 
bedding  of  tlie  system,  and  filled  by  infiltration  from  the  sides, — and 
mineralized  belts,  or  beds  of  rock  impregnated  with  copper.  As  shown 
before,  the  beds  making  up  the  copper  series  are  chiefiy  diabase  and 
diabase-amygdaloid  of  eruptive  origin  from  20  to  100  feet  in  width, 
interstratified  with  porphyry  conglomerates  and  reddish  sandstones 
from  mere  films  to  many  hundred  feet  in  width,  in  all  of  which  copper 
occurs.  The  earlier  mines  were  on  the  true  fissure  veins;  a  few  of 
which  are  still  successfully  worked  near  the  eastern  end  of  Keweenaw 
Point  Much  the  larger  portion  of  the  copper  now  obtained,  however, 
comes  from  the  porphyry  conglomerates  and  amygdaloids.  The  latter 
are  often  largely  epidotic,  and,  from  the  contrast  they  present  to  the 
surrounding  rocks,  have  often  received  the  name  of  lodes.  They  are, 
however,  merely  amygdaloids  which  have  undergone  an  extreme  degree 
of  alteration,  brought  about  by  the  percolation  of  water  through  their 
minute  cracks.  One  of  the  last  results  of  this  alteration  has  been  the 
introduction  of  copper.  Tlie  amygdaloids  can  be  worked  at  a  much 
lower  percentage  than  the  conglomerate  beds,  since  the  latter  have  such 
an  unusual  hardness  that  drilling  in  them  is  exceedingly  diflScult 

In  order  to  apply  to  our  district  the  experience  obtained  in  Michi- 
gan, we  may  first  give  briefly  the  facts  with  regard  to  the  former  re- 
gion. 

The  copper-bearing  rocks  in  the  Bayfield  peninsula  are,  so  far  as 
now  known,  everywhere  deeply  buried  beneath  the  drift,  and  are 
unlikely  to  become  the  objects  of  exploration.  In  Ashland  county, 
however,  we  have  large  exposures,  chiefly  in  the  beds  of  the  streams. 
The  gabbro  belt,  at  the  base  of  the  system,  is  the  best  exposed  portion. 
No  copper  has  been  seen  here,  and  no  signs  of  veins,  bedding  of  any 
kind,  or  interbedded  conglomerates.  Nearly  the  same  may  be  said  of 
the  southern  part  of  the  large  area  underlaid  by  diabase  in  the  eastern 
half  of  Ashland  county.  Indistinct  bedding  is  to  be  made  out  here,  and 
in  one  or  two  places  epidotic  bands  have  been  observed  carrying  minute 
flakes  of  native  copper.  There  is,  however,  no  such  analogy  between 
these  rocks  and  those  in  which  the  typical  copper  amygdaloids  of  Por- 
tage Lake  are  found  as  would  warrant  exploration  for  copper.  Fur- 
ther north,  between  the  Montreal  and  Potato,  is  quite  a  large  area 
where  but  few  exposures  have  been  met  with,  and  the  rock  may  or  may 
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not  be  of  a  favorable  character.  Still  farther  north  we  have  exposed 
on  the  Montreal,  Potato,  Tyler's  Fork,  Bad  and  Brunschweiler  rivers, 
and  on  Silver  creek,  a  belt  in  which  the  diabase  and  diabase-amjgda- 
loids  are  quite  distinctly  bedded,  and  in  which  copper  has  been  seen  in 
greater  or  smaller  quantity  at  each  exposure.  Between  these  rivers 
the  rocks  of  this  belt  are  everywhere  deeply  buried  beneath  the  drift 
and  red  clay.  At  the  crossing  of  each  river  some  little  exploration 
has  already  been  done,  and  on  the  Montreal  and  Bad  rivers,  actual 
mining  operations  were  at  one  time  begun. 

The  work  on  the  Montreal  was  on  Sec  20,  T.  47,  R  1 E.  The  topog- 
raphy and  geology  of  the  vicinity  of  this  place  have  been  described  on 
previous  pages,  and  are  further  indicated  on  Plate  XIX  of  this  volume. 
Work  was  begun  here  as  early  as  1846,  by  the  Montreal  Eiver  Mining 
Company.  The  property  afterwards  came  into  the  hands  of  the  Cam- 
brian Mining  Company  of  Detroit,  who  caused  some  work  to  be  done, 
but,  beyond  proving  the  presence  of  copper  in  considerable  quantity, 
nothing  was  accomplished.  The  principal  workings  were  in  an  altered 
laumontitic  amygdaloid,  at  the  summit  of  a  heavy  bed  of  diabase  not 
far  from  the  conglomerate  (No.  V  of  Plate  XIX).  At  present  little  is 
to  be  seen  here  except  tlie  partially  filled  excavation,  although  frag- 
ments of  sandstone  carrying  fine  copper  may  be  picked  up.  One  large 
fragment,  several  hundred  pounds  in  weight,  was  seen  in  the  river  bot- 
tom below  the  old  workings. 

According  to  a  report  by  ^  Col.  Chas.  Wliittlesey,  the  bed^  was  found, 
on  sinking,  to  have  an  average  width  of  about  five  feet,  with  a  vein- 
stone of  calcite  in  which  bunches  of  prehnite,  quartz,  and  fine  copper 
are  disseminated.  Two  narrow  cross-veins  are  to  be  seen  in  the  walls 
of  the  gorge  in  the  same  bed  as  that  including  the  altered  amygdaloid 
above  named.    They  carry  calcite,  prehnite,  and  much  fine  copper. 

On  Bad  river,  near  the  mouth  of  Tyler's  Fork,  Sec  17,  T.  45,  R.  2  W., 
more  extensive  workings  were  carried  on  by  the  Ashland  Mining  Com- 
pany, beginning  in  August,  1864.  The  geological  structure  at  this 
point  is  described  on  page  185,  and  is  further  indicated  on  Plate  XYI, 
upon  which  are  shown  also  the  positions  of  the  mine  shafts,  and  the 
course  of  the  levels  run.  These  are  taken  from  a  map  furnished  by 
Mr.  J.  A.  Bailey,  the  superintendent  of  the  mine.  The  following  facts 
were  furnished  by  the  same  gentleman. 

The  work  of  the  Ashland  mine  began  in  August,  1864,  and  closed  in 
February,  1866.  The  workings  sought  for  copper,  both  on  a  "  vein," 
and  in  the  diabase  itself.    The  vein,  lying  apparently  parallel  to  the 

'  **  The  Montreal  River  Copper  Location,"  Cleveland,  Ohio,  June  Ist,  1865. 
•Called  by  him  "vein." 
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general  bedding,  appears  to  view  on  the  west  wall  of  the  gorge  jost  be* 
low  the  falls.  Here  it  was  entered  and  followed  by  an  inclined  shaft  — 
angle  35**  —  which  was  carried  down  to  the  level  of  the  bottom  of  a 
second  shaft  snnk  at  a  point  some  400  feet  southland  to  the  east 
of  the  vein.  From  the  bottom  of  these  shafts  gangways  to  connect 
them  were  begnn,  and  several  hundred  feet  of  other  adits  driven.  The 
vein  has  a  width  of  nine  feet,  and  carries  throughout  a  brownish 
calcareous  spar  with  fine  particles  and  lamin©  of  native  copper. 
Most  of  the  work  was  done  in  the  diabase  itself.  All  the  workings 
showed  small  quantities  of  copper.  Mr.  Bailey  expresses,  however,  the 
opinion  that  the  prospects  were  "  not  very  flattering,"  but  thinks  that 
on  the  east  side  of  the  river,  and  especially  on  Tyler's  Fork  above  the 
mouth  (Plate  XVI),  where  the  bedding  is  more  regular  and  dis- 
tinct, the  prospects  are  more  favorable. 

We  may  say  then,  briefly,  that,  with  our  present  knowledge,  the  only 
portions  of  the  Keweenawan  System  within  the  district  likely  to  bear 
copper,  are  those  belt«  of  diabase  and  diabase-amygdaloid  immediately 
below  the  great  conglomerate,  and  within  a  mile  from  it,  and  the  gray 
sandstones  immediately  above  the  conglomerate.  The  former  are  well 
exposed  on  the  Montreal  river,  sections  20  and  21,  T.  47,  K.  1 E. ;  on  the 
Potato,  Sec  17,  T.  46,  R  1  W.;  on  Bad  river  and  Tyler's  Fork,  Sec.  17, 
T.  45,  R  2  W.;  on  Silver  creek,  sections  15  and  22,  T.  45,  R  3  W.;  and 
on  the  Brunschweiler,  Sec.  15,  T.  45,  R.  4  W.  The  latter  are  seen  on 
the  Montreal,  Sec.  20,  T.  47,  R  1  E.;  on  the  Potato,  Sec.  18,  T.  46,  R 
1  W.;  and  on  Bad  river.  Sec.  17,  T.  45,  R  2  W.  Should  thorough  ex- 
ploration,  by  which  is  meant,  of  course,  actual  mining,  fail  to  develop 
anything  at  these  points,  it  would  be  useless  to  attempt  to  penetrate 
the  drift  which  everywhere  else  covers  the  rocks.  Should  the  working 
on  any  one  of  the  rivers  seem  to  promise  much,  the  productive  belts 
may  be  readily  followed  beneath  the  drift  For  a  more  definite  under- 
standing of  the  positions  of  these  two  copper  horizons,  see  Atlas  Plate 
XXII. 

The  upper  one  of  these  horizons,  the  hard  gray  quartzless  sand- 
stone alternating  with  black  shale,  is  beyond  doubt  the  same  as  that 
carrying  the  silver  deposits  of  Iron  river,  in  Michigan.  Samples 
selected  on  the  Montreal  showed  distinct  traces  of  silver.  The  amount 
is,  however,  too  inadequate,  and  the  results  of  working  in  the  Iron  river 
region  too  unpromising  to  warrant  our  oflfering  any  encouragement 
that  this  metsl  will  ever  be  found  in  paying  quantities. 
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CHAPTER  V. 

THE  LAKE  SUPERIOR  OR  POTSDAM  SANDSTONE. 

This  formation  appears  as  a  horizontal  sandstone,  underlying  the 
lower  ground  along  the  entire  lake  shore  of  our  district,  besides  form- 
ing the  basement  rock  of  all  the  Apostle  Islands.  The  considerations 
which  have  led  to  the  separation  of  this  sandstone  from  the  Keweenawan 
sandstone,  as  a  newer  and  unconformable  formation,  and  which  warrant 
our  regarding  it  as  the  equivalent,  or  at  least  as  the  downward  continu- 
ation of  the  Potsdam  sandstone  series  of  the  Mississippi  Yalley,  have 
been  stated  at  length  in  Part  I  of  this  volume,  and  need  not  be  here 
repeated.  For  a  further  idea  of  the  area  occupied  by  this  formation, 
see  Atlas  Plate  XXI. 

The  exposures  of  the  Lake  Superior  sandstone  are  almost  entirely  re- 
stricted to  the  shores  of  the  lake,  on  the  main  land  and  the  Apostle 
Islands,  and  have  never  been  seen  reaching  more  than  fifty  feet  above  the 
lake  level,  so  that  this  figure  must  be  taken  as  representing  the  greatest 
thickness  certainly  known  within  our  district.  Further  west,  in  Douglas 
county,  the  horizontal  sandstone  reaches  to  360  feet  above  the  lake,  and 
it  is  supposed  that  it  may  reach  nearly  or  quite  as  high  on  the  flanks 
of  the  high  land  of  the  Bayfield  peninsula.  (See  section  attached  to 
Atlas  Plate  XXI.) 

The  prevailing  color  of  this  rock  is  some  shade  of  red,  from  bright 
brick-red  to  a  brownish-red  or  pui'plish-rcd.  Pinkish,  straw-colored,  and 
even  nearly  pure  white  varieties  occur,  either  blotching  the  ordinary 
red  rock  in  small  patches,  or  occuring  in  layers  from  an  inch  to  two  or 
three  feet  in  thickness.  Even  in  the  darker  varieties  the  color  is  gen- 
erally lighter  than  that  of  the  Keweenawan  sandstone.  The  grain  is 
nsnally  quite  fine,  but  is  often  sufiiciently  coarse  for  the  detection  of 
the  individual  grains,  at  least  with  a  pocket  lense.  Much  of  the  rock 
is  very  friable.  Analyses  and  microscopic  examinations  show  that  there 
is  always  a  large  preponderance  of  quartz-grains,  which  are  from  angular 
to  Bub-rotund  in  outline,  never  showing  the  extreme  degree  of  roimd- 
ness  that  characterizes  the  constituent  grains  of  the  Potsdam  sandstone 
of  the  Central  Wisconsin  region.  Mingled  with  the  quartz  grains  are 
generally  more  or  less  — the  amount  varying  —  of  feldspar  grains,  both 
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orthoclase  and  plagioclase.  The  feldspar  grains  appear,  however,  to  be 
represented  more  commonly  by  the  little  soft,  white  clay  specks  that  can 
readily  be  detected  with  the  naked  eye  in  all  but  the  finest  kinds,  and 
which  do  not  appear  in  the  thin  section.  Coating  the  grains  of  quartz 
is  the  reddish  iron*stained  matrix,  largely  clayey.  In  no  specimen  has 
any  trace  of  lime-carbonate  been  detected,  and  in  the  thin  sections 
which  I  have  examined  under  the  microscope,  no  sign  of  any  deposi- 
tion of  material  from  solution  in  the  interstitial  spaces,  which  are  often 
seen  in  the  section  without  even  the  clayey  matrix  in  them. 

In  some  of  the  fine-grained  varieties  there  is  an  approach  to  a  clayey 
shale,  though  no  distinct  clay-shale  like  that  seen  with  the  Keweenawan 
sandstone  has  been  observed.  The  following  analysis,  by  Mr.  K  T. 
Sweet,  of  sandstone  from  Bass  Island,  gives  a  fair  idea  of  the  compo- 
sition of  the  general  run  of  this  rock: 

Silica 87.02 

Alumina 7.17 

Iron  peroxide 3.91 

Lime 11 

Magnesia 06 

Alkalies 1.65 

Water trace 

Total 99.92 

Of  several  other  specimens  examined,  one  from  Wilson's  Island 
(55),  a  very  light-colored,  medium-grained  rock,  with  many  whitish 
kaolinic  spots,  yielded  91.64  per  cent  of  silica,  being  very  largely 
quartzose.  A  section  of  this  rock  is  figured  on  Plate  XIX  A,  Fig.  6. 
A  specimen  from  Bass  Island,  of  reddish,  rather  fine-grained  rock 
(54),  yielded  89.76  per  cent.;  and  one  from  Steamboat  Island,  a 
pinkish,  medium-grained  kind,  84.13  per  cent. 

In  structure,  the  Lake  Superior  sandstone  is  heavy-bedded  to  nearly 
shaly.  The  following  section,  taken  at  the  southwest  comer  of  Steam- 
boat Island,  is  typical  of  a  great  many  of  the  cliflfy  exposures  of  the 
lake  shore: 

Ft    In. 

Red  marly  day  (Quaternary) 5    .. 

Shaly  sandstone,  in  layers  irom  one-foorth  to  one-half  inch  thick; 
light  reddish  to  brown,  medium-grained,  chiefly  made  up  of  sub- 
angular  quartz  grains 4     9 

Compact  sandstone 2    .. 

Shaly  sandstone 8 

Compact  sandstone;  pinkish  and  moderately  coarse-grained,  chiefly 
made  of  quarts  grains,  but  many  white  day  spots  indicating  the 
decomposed  fddspar 2    .. 
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The  shalj  and  masaive  layers  are,  however,  not  constant,  and  either 
will  grade  into  the  other  in  a  short  distance,  the  shaly  kinds  being  often 
merely  a  result  of  weathering.  Often  the  massive  layers  have 
a  thickness  of  five  feet  and  upwards,  and  lie  together  in  consider- 
able thicknesses  without  intervening  thin-laminated  seams.  In  many 
places  round  bunches  of  red  clay,  from  an  inch  to  several  feet  in  diam- 
eter, are  seen  imbedded  in  the  massive  sandstone.  In  other  cases  the 
day  lies  in  limited  and  very  irregular  seams,  from  a  fraction  of  an 
inch  to  several  inches  thick.  Some  of  the  round  clay  patches  appear 
as  if  formed  by  the  decomposition  of  granite  or  gneiss  boulders,  im- 
bedded in  the  sandstone  at  the  time  of  its  formation. 

There  would  be  no  particular  advantage  in  describing  all  the  expos- 
ures of  this  formation  examined,  since  one  is  like  another.  In  giving 
the  coast  features  of  the  district,  and  in  describing  the  Apostle  Islands 
in  a  previous  chapter,  the  positions  of  the  various  sandstone  cliflEs  have 
been  noted  in  some  detail.  It  may  merely  be  repeated  here  that  the 
easternmost  exposure  is  at  Clinton  Point  —  a  few  miles  east  of  the 
mouth  of  the  Montreal — where  there  are  extensive  flat  ledges  at,  and 
just  under  the  water  level;  that  from  here  to  the  head  of  Cha- 
quamegon  Bay  there  are  no  exposures;  that  from  Fish  creek  all  around 
the  coast  of  the  Bayfield  peninsula  to  the  west  line  of  the  district,  low 
sandstone  cliflEs,  from  5  to  20  feet  high,  and  often  worn  into  dejpp  cav- 
erns and  arches  by  the  waves,  are  almost  continuous,  being  here  and 
there  interrupted  by  sand  beaches  and  clay  banks;  and  that  nearly 
every  one  of  the  Apostle  Islands  shows  similar  clifi^  on  its  eastern  X)r 
southeastern  side. 

ECONOMIC  CONTENTS  OF  THE  LAKE  SUPERIOR  SANDSTONE. 

The  only  material  of  economic  value  in  this  formation  is  the  rock 
itself,  but  this  is  undoubtedly  destined  to  become  one  of  the  most  im- 
portant native  products  of  northern  Wisconsin.  This  statement  is 
warranted  by  the  great  abundance  of  the  stone,  by  its  color  and  ease 
of  working,  by  the  immense  size  of  the  blocks  obtainable,  by  the  extra- 
ordinary facilities  tliat  exist  for  shipment,  and  by  the  fact  that,  with 
the  exception  of  the  rocks  quarried  from  the  same  formation  near 
Marquette  and  L'Anse  in  Michigan,  there  is  not  a  single  brown- 
stone  that  can  compete  with  it  in  the  western  market.  Indeed  good 
building  sandstones  of  any  kind  are  rare  in  the  west.  The  cream-col- 
ored  Ohio  stone,  from  the  Waverly  group,  is  the  only  one  of  any  great 
reputation.  The  Lake  Superior  brown-stone  compares  favorably  with 
the  brown-stones  of  the  Connecticut  valley  and  of  New  Jersey  so  large- 
ly used  in  the  eastern  cities.  The  Marquette  and  L.'Anse  sandstones 
Vol.  in.- 14 
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are  alreadj  in  considerable  demand  in  Detroit,  Chicago  and  Cleveland, 
and  other  lake  ports,  some  50,000  to  60,000  cubic  feet  being  quarried 
annnallj. 

Two  quarries  of  some  size  have  also  been  opened  in  the  Wisconsin 
sandstone,  on  Houghton  Point,  and  on  Basswood  Island,  one  of  the 
Apostle  group.  The  Bass  Island  qnany  has  been  most  lai^lj  worked, 
and,  having  OKamined  both  it  and  the  Marquette  quarries,  I  have  no 
hesitation  in  saying  that  the  Wisconsin  stone  is  in  all  respects  fully 
equal  to  the  Michigan.  It  is  of  a  somewhat  deeper  hue,  and  very  uni- 
form in  color,  while  much  of  the  Michigan  stone  presents  a  mottling 
of  white  and  reddish-brown,  and  has  to  be  sorted  to  obtain  stones  of 
uniform  color.  The  mottled  varieties  have,  however,  a  pleasing  ap- 
pearance in  wall,  though  not  so  highly  approved  of  as  those  of  uniform 
tint 

The  Bass  Island  quarry  was  opened  in  1868,  and  has  been  workeu 
somewhat  interruptedly  since,  producing  in  all  a  large  amount  of  stone, 
most  of  which  has  gone  to  Milwaukee  and  Chicago,  the  court-house 
building  at  the  former  place  being  made  of  it  At  the  time  of  my 
visit  in  1873,  the  quarry  had  a  face  twenty-six  feet  in  height,  of  a 
peculiarly  massive  appearance,  only  three  continuous  bedding  joints 
running  across  the  whole  face.  Several  strong  inclined  joint-planes 
traverse  the  face,  but  at  such  a  distance  from  each  other  that  the  only 
limit  to  the  size  of  the  blocks  obtainable  is  the  difficulty  of  handling. 
The  stone  cuts  very  easily  in  the  quarry,  and,  as  is  often  the  case  with 
sandstones  carrying  a  certain  amount  of  clayey  admixture,  becomes 
very  hard  and  firm  on  exposure. 

After  a  thorough  examination  of  nearly  every  sandstone  exposure  on 
the  Apostle  Islands  and  the  adjoining  mainland,  I  can  have  no  doubt 
at  all  that  there  are  many  other  points  where  stone  as  good  as  that  on 
Bass  Island  can  be  obtained.  The  nearness  to  the  lake,  and  the  conse- 
quent facilities  for  cheap  shipment,  ought  to  make  it  possible  for  this 
stone  to  find  a  market  in  all  the  ports  of  the  great  lakes,  while  the  two 
railroads  that  now  reach  the  western  part  of  Lake  Superior,  should 
carry  it  into  the  interior  of  Wisconsin  and  Minnesota,  and,  via  St  Paul, 
to  all  points  in  the  Mississippi  Yalley. 
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CHAPTER  VI. 

THE  QUATERNARY  DEPOSITS. 

The  object  of  the  present  chapter  is  merely  to  give  a  very  brief  sum- 
mary of  the  observations  made  on  the  Qaaternary  deposits  of  our  dis- 
trict, which  is  too  small  a  portion  of  the  whole  Lake  Superior  trough 
to  allow  of  our  basing  upon  the  facts  observed  within  it  any  important 
generalizations  with  regard  to  the  formations  in  question. 

It  is  evident  enough  that  we  have  here  to  deal  with  the  same  two 
prominent  divisions  of  the  Quaternary  deposits  that  Professor  Cham- 
berlin  has  described  as  characterizing  the  region  bordering  the  western 
shore  of  Lake  Michigan,  viz.,  the  older  true  glacial  drift,  and  the 
younger  lacustrine  clays,  deposited  by  the  waters  of  Lake  Superior  in 
the  greatly  expanded  condition  reached  by  them  during  the  Champlain, 
or  Post-Glacial  period. 

The  Glacial  Drift.  The  true  glacial  drift  is  buried  throughout  all 
of  the  lower  land,  and  up  to  an  elevation  of  between  500  and  600  feet 
above  Lake  Superior,  beneath  the  later  lacustrine  clays,  and  is  therefore 
only  to  be  seen  in  the  divisions  of  the  district  that  I  have  designated 
the  "Ridge  Belt,"  and  the  "Interior  Tableland,''  and  on  the  summit 
of  the  "Bayfield  Ridge."  Even  in  these  portions  of  the  district,  the 
forest  covering  is  so  dense,  and  cuttings  into  the  drift  so  rare,  that  the 
chances  for  observations  are  much  lessened.  It  is  evident,  however, 
that  we  have  here  in  a  full  development  all  the  characteristics  of  a 
glaciated  region,  viz.,  heaps  of  boulders,  sand  and  clay,  without  strati- 
fication (except  where  modified  by  existing  streams),  and  in  certain  por- 
tions reaching  a  true  morainic  development;  surface  erratics  of  consider- 
able variety,  and  often  of  enormous  size;  striated  surfaces;  and  true 
r aches  moutoneea. 

The  general  drift  covering,  with  a  predominating  clayey  ground-mass, 
prevails  over  the  whole  ridge  area,  reaching  always  its  greatest  thick- 
nesses  on  the  northern  slopes  of  the  ridges.  The  northern  slope  of  the 
Penokee  Range  especially  presents  everywhere  a  heavy  mantle  of  d.ift 
In  none  of  this  division  of  the  district,  however,  is  anything  b'ke  a 
morainic  development  of  the  drift  materials  to  be  observed.  To  the 
south  of  the  Penokee  Range,  and  especially  on  and  beyond  the  water- 
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shed,  heaped-up  drift  is  frequently  to  be  seen,  the  underlying  gneissic 
and  granitic  rocks  being  nearly  everywhere  concealed  beneath  an  im- 
mense coating  of  loose  materials.  The  morainic  character  seems  to 
become  more  and  more  pronounced  towards  the  southern  limit  of  the 
district,  and  farther  south  Professor  Chamberlin  has  made  out  a  true 
"  Kettle  Eange  '*  of  mingled  rounded  and  irregular  depressions,  without 
outlet,  and  similarly  shaped  heaps  of  drift,  such  as  are  observed  in  the 
moraine  belts  of  eastern  and  central  Wisconsin.  The  morainic  condi- 
tion of  drift  would  seem  to  characterize  a  wide  area  on  the  highlands 
about  the  head  waters  of  the  Wisconsin  and  Chippewa  rivers. 

The  surface  erratics  include  many  kinds  of  rocks,  the  more  common 
of  which  are  dark  colored  basic  rocks  (largely  of  varieties  belonging 
to  the  copper  series),  red  porphyries  and  granites.  Many  of  these 
must  have  come  from  the  Canadian  side  of  Lake  Superior.  In  many 
places  on  the  summit  of  the  Penokee  Eange  —  several  of  which  are 
noted  on  the  accompanying  detail  maps  of  the  Huronian  —  are  to  be 
seen  numbers  of  erratics  of  a  very  coarse  boulder-conglomerate.  Many 
of  these  are  very  large,  reaching  ten  feet  cube,  while  several  were  noted 
as  much  as  twenty  feet  on  a  side.  These  have  been  brought  from  the 
great  conglomerate  belt  of  the  Keweenawan  series,  at  points  on  its 
course  somewhere  between  the  Montreal  river  and  the  Porcupine 
Mountains  of  Michigan;  and  have  come  in  a  direction  of  about  50"" 
west  of  south.  This  direction  coincides  with  that  of  the  few  glacial 
striae  observed  on  the  summit  of  the  Penokee  Range. 

The  rounded  summits  of  the  Penokee  Range  approach  in  their  gen- 
eral shape  to  true  rochea  moutonees,  and  these  shapes  are  very  distinct 
on  the  rounded  granite  exposures  of  the  region  to  the  south  of  the  Pen- 
okee Eange.  A  number  of  these,  with  highly  polished  surfaces,  are  to 
be  seen  along  the  Wisconsin  Central  road,  and  in  the  great  windfall, 
in  the  southern  part  of  T.  44,  E.  3  W. 

In  this  connection  should  be  mentioned  the  linear  arrangement  of 
the  outlines  and  groups  of  the  Apostle  Islands,  and  of  the  contours 
of  the  adjacent  lake  bottom  as  shown  in  Plate  XII.  It  will  be  no- 
ticed that  there  are  several  depressions  shown  in  the  lake  bottom,  with- 
out outlet,  and  over  a  hundred  feet  deeper  than  the  surrounding  por- 
tions. That  these  depressions  and  the  other  linear  trends  mentioned, 
should  be  attributed  to  glacial  action  does  not  seem  unreasonable. 

The  Lacustrine  Clays.  These  underlie  all  of  the  lower  levels  bor- 
dering the  lake,  above  which  they  rise  to  altitudes  of  between  500  and  600 
feet.  This  carries  them  well  up  the  front  slope  of  the  Copper  Eange, 
and  high  also  on  the  flanks  of  the  Bayfield  highland.  Plate  XX  of 
this  volume  serves  to  show  their  distribution  more  definitely. 
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On  the  Wisconsin  Central,  the  clays  reach  to  an  altitude  of  560  feet, 
and  are  finally  left,  on  ascending  the  railroad  line  from  Lake  Superior, 
near  where  Bad  river  is  first  struck,  in  the  southwest  quarter  of  Sec. 
19,  T.  45,  E.  2  W.  In  this  vicinity,  the  clays  are  seen  overlying  an 
irregular  surface  of  true  glacial  or  boulder  drift  Eastward  from  Sil- 
ver Creek,  Sec.  10,  T.  45,  R.  3  W.,  as  the  railroad  ascends  the  front  of 
the  Copper  Eange,  the  clay  is  seen  in  more  and  more  thoroughly  de- 
tached patches,  with  intervening  patches  of  sand  and  gravel  belonging 
to  the  true  glacial  drift,  the  more  recent  clays  having  been  washed 
off  in  these  places. 

The  topography  of  the  clay  area  has  already  been  fully  indicated  in 
Chapter  I.  The  streams  flowing  through  it,  as  also  their  numerous 
branches,  have  cut  it  everywhere  into  narrow,  deep  and  steep-sided  ra- 
vines, which  are  always  thickly  timbered.  The  sides  of  the  ravines 
not  unfrequently  show  large  exposures  of  bare  red  clay,  where  land- 
slips have  occurred.  On  the  surface  of  this  area  the  clay  is  covered 
by  only  a  very  thin  coating  of  vegetable  mould,  and  is  nearly  alwaye 
to  be  reached  by  a  single  stroke  of  the  spade.  The  absence  of  any- 
thing like  the  gravel  of  the  glacial  drift  is  very  noticeable,  and  boul- 
ders are  very  rare  and  small.  In  leaving  the  clay  area  along  the  line  of 
the  railroad,  the  change  in  this  respect  is  very  striking,  boulders  and 
gravel  becoming  quite  suddenly  abundant. 

The  clay  of  these  deposits  varies  largely  in  amount  of  sandy  admix- 
ture. There  is  commonly  some  sand  included,  though  at  times  it 
seems  almost  wholly  absent,  and  at  others  to  make  up  the  bulk  of  the 
formation.  The  clayey  matter  is  always  of  a  red  color  and  always 
contains  a  considerable  proportion  of  lime  carbonate.  The  following 
are  analyses  of  samples  of  clay  taken  at  Ashland.  No.  1  is  from  a 
well  near  the  western  end  of  the  village;  Nos.  2,  3  and  4  are  from  the 
banks  of  Bay  City  creek,  at  the  railroad  bridge;  and  No.  5  is  from 
the  lake  bluffs  near  the  shore  end  of  the  railroad  pier: 
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The  stratification  of  this  formation  is  not  evident  on  close  inspection. 
Generally  a  bank  will  show  more  and  less  sandy  portions  at  different 
levels,  but  the  distinction  between  the  layers  is  not  sharp,  and  nothing 
like  a  fine  lamination  is  to  be  seen«  At  a  little  distance,  however,  from 
the  bare  clay  banks,  as  is  often  to  be  noticed  on  the  shore  bluffs  of  the 
Apostle  Islands,  the  stratification  becomes  much  more  evident,  from 
the  darker  color  of  the  moist  sandy  layers  as  compared  with  the  lighter 
sun-dried  clay. 

It  has  already  been  said  that  boulders  are  not  common  on  the  sur- 
face of  the  clay  area.  In  many  places,  however,  numerous  small 
boulders,  chiefly  of  some  dark  greei>stone-like  rock,  are  to  be  seen  em- 
bedded in  the  clay,  and  pebbles  of  the  same  and  other  crystalline  rocks 
are  abundant.  On  the  shores  of  some  of  the  Apostle  Islands,  and  in 
places  along  the  mainland  coast,  dark-colored  boulders  of  large  size, 
presumably  washed  out  from  the  clay,  are  very  abundant. 

The  entire  thickness  of  these  clays  cannot  be  less  than  from  400  to  600 
feet,  about  100  feet  being  the  greatest  thickness  seen  in  any  one  section. 

The  day  of  this  formation  is  often  too  sandy  to  be  of  any  value  for 
brick  making,  but  there  can  be  no  doubt  that  much  of  it  would  make 
an  excellent  brick.  The  calcareous  admixture,  though  commonly  sup- 
posed to  be  deleterious,  is  not  so.  The  &mous  cream-colored  brick  of 
Milwaukee  contains  a  still  larger  proportion  of  lime  carbonate,  which, 
with  the  high  temperature  at  which  these  bricks  are  made,  gives  rise 
to  a  light-colored  lime-iron  silicate  in  the  finished  brick. 
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IdST  OF  Publications  bt  Colonel  Chas.  Whittlbsst  on  the  Geologt  of  the 
Regions  Dbained  bt  the  Bad  and  Montreal  biters: 

1.  Beport  of  ExphroHma  on  the  South  Shore  of  Lake  Superior,  in  Wisconsin,  1849. 

Owen*8  QecL  Report,  Washington,  1852;  pp.  425-447;  with  a  map. 

2.  The  Penokee  Minetxil  Range.    Proc  Boston  Soc  Nat.  Hist    July,  1863;  pp.  10. 

8.  Freeh  Water  Giaeial  Drift  of  the  Northwest.    Smithsonian  Ck)ntribations,  Article 
197,  July,  1864. 

4.  Penokee  Copper  Range.    Pamphlet    1865. 

5.  Marangomn  River  Iron  Property,  T.  44,  R.  5,  W.,  Bayfield  Co,    Pamphlet  report 

to  an  iron  company,  5  pp.    Cleveland,  Ohio,  Jan.  1, 1865. 

6.  The  Montreal  River  Copper  Location.   Cleveland,  Ohio,  1865.   Pamphlet,  5  pp. 

7.  The  Magnetic  Iron  Company's  Property,  T.  44,  R.3W.,  Ashland  county.   Pamphlet, 

7  pp.    Oeveland,  Ohio,  April,  1872. 

8.  Transieta  Fluctuations  of  Lewel  on  Lake  Superior.     Proc  American  Association, 

Portland  Meeting,  1873. 

11. 

Formations  of  the  Bad  River  Country,  as  given  by  Colonel  Whittlesey  in 
OwEN*s  Geological  Report,  1852.^ 

1.  Sedimentary. 

a*  Red  sandstone. 

b.  Black  slate. 

c.  Conglomerate. 

2.  Trappous  Rocks,  or  those  of  Volcanic  Origin. 

a.  Black  and  red  amygdaloid  trap,  and  greenstone. 

b.  Angitic,  homblendic,  and  feldspathic  rocks,  embracmg  sienites  and  granites 

of  the  same  age. 

3.  Metamorphosed  Rocks. 

a.  Homblendic  slates. 

b.  Iron  slates. 

e.  Black  slates  in  large,  thin,  rectangular  sheets. 

d.  Taloose  slates  with  quartz. 

e.  Slaty  quartz. 

4.  Granitic  Rocks, 

a.  Sienite,  and 

b.  Granite,  occupying  the  country  south  of  the  mountain  range  or  uplift;  the 

oldest  rocks  seen. 

>  Of  thts  ciMfliflcatfoB,  1  eTldentljT  covers  the  horizontal  landstonei,  and  the  fragmental  Keweo 
nmwan  rocks;  2,  the  Keweenawan  emptive  rocks;  Sa,  the  gabbros  with  intnuiTe  granite,  approx- 
imately; 8,  the  Hnronian,  nearlj.  and  4,  the  Lanrentian.— R.  D.  I. 
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m. 

Extract  from  an  Articlb  on  thb  "  Penokeb  Mfneral  Ranoe,**  bt  Colonel 
Whittlesey,  in  the  Proceedings  op  the  Boston  Society  of  Natural 
History,  July,  1863. 

[Note.— This  paper  is  glTen  here  entire,  except  the  last  page  or  two,  which  treat  of  the  Menom- 
inee river  rocks,  because  it  is  a  summary  of  Colonel  Whittlesey^s  results  in  the  Eastern  Lake 
Superior  District,  and  embodies  all  the  information  obtainable  with  regard  to  this  region,  beyond 
what  is  given  on  Colonel  Whittlesey's  map  (here  reproduced),  at  the  time  of  the  beginning  of  my 
own  work.  —  R.  D.  I.] 

The  copper-bearing  strata  of  Pt.  Keweenaw  (Lake  Saperior)  extend  aonthwest- 
erly  across  the  boundary  of  the  state  of  Michigan  into  Wisconsin.  These  strata  consti- 
tute a  long,  narrow  and  bold  mountain  range  from  Copper  Harbor  to  Long  Lake,  a  dis- 
tance of  one  hundred  and  sixty  miles.  There  are  no  stratigraphical  breaks  along  this 
line,  the  order  of  the  rock  being  everywhere  the  same.  The  dip  of  the  beds  is  always 
northerly  or  northwest,  and  the  strike  to  the  northeast  or  east,  the  general  line  of  out- 
crop being  northcast-by-east  On  Point  Keweenaw,  and  as  far  southwest  as  the  Ako- 
gebe  Lake,  on  the  west  fork  of  the  Ontonagon  river,  the  copper  veins  have  been  found 
valuable. 

Beyond  the  waters  of  the  Ontonagon,  in  the  same  direction,  veins  have  been  discov- 
ered, but  after  limited  workings  have  been  abandoned.  The  Montreal  river  forms  the 
boundary  between  Michigan  and  Wisconsin;  and  as  early  as  the  year  1845  mining  lo- 
cations were  made  on  its  waters  where  they  pass  the  range.  Locations  were  also  made 
upon  the  waters  of  the  Bad  or  Manvaise  river,  a  stream  with  numerous  branches, 
draining  the  country  from  the  Montreal  to  the  headwaters  of  the  Chippewa  and  St 
Croix  rivers. 

Historically  considered,  the  exploration  of  this  region  commenced  in  the  jrear  1840, 
when  Dr.  Houghton,  as  a  commissioner  of  the  state  of  Michigan,  accompanied  Capt. 
Ciam  of  the  United  States  Topographical  Engineers,  who  was  then  surveying  the  Me- 
nominee  and  Montreal  rivers. 

In  1840  and  1841,  Dr.  Houghton  examined  the  rocks  on  both  these  streams,  and  the 
country  between  their  sources.  I  am  in  possession  of  a  transcript  of  his  field  notes  dmv 
ing  these  explorations.  In  1845-6  I  made  examinations  along  the  range  across  the  Mon- 
treal to  the  westward,  as  for  as  the  main  branch  of  Bad  river. 

Up  to  this  time  the  public  lands  in  this  i>art  of  Wisconsin  had  not  been  surveyed. 
The  fourth  principal  meridian  was  extended  northward  through  Wisconsin  to  Lake  Su- 
perior in  1848.  Dr.  A.  Randall,  one  of  the  assistants  of  Dr.  Owen  upon  the  survey  of 
the  Chippeway  Land  District,  in  reference  to  mines  and  minerals,  aooompanied  the 
linear  surveyors  along  this  line.  In  Town  44  north,  Dr.  R.  discovered  an  ootcrop  of 
magnetic  iron  ore,  and  brought  in  a  specimen.  The  next  season,  as  a  member  of  Dr. 
Owen*8  corps,  I  made  an  exploration  on  the  western  branches  of  Bad  river,  crossing 
southerly  to  the  headwaters  of  the  Chippeway.  Near  Lac  des  Anglais,  and  thenoe  east- 
erly across  the  middle  or  main  fork  of  the  Bad  river,  I  found  cli£&  and  blufb  of  silicious 
magnetite.  The  results  of  this  examination  may  be  seen  in  the  final  report  of  Dr.  Owen, 
published  at  Washington  in  the  year  1850. 

In  the  Chippeway  language  the  name  for  iron  ispewabik;  and  I  thought  it  proper  to 
designate  the  mountains,  where  this  metal  exists  in  quantities  that  surprise  aU  obs^ers, 
as  the  "  Pewabik  Range.**  The  compositor,  however,  transformed  it  to  Penokie,  a  word 
which  belongs  to  no  language,  but  which  is  now  too  well  fastened  upon  the  range  by 
usage  to  be  changed. 
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Soon  after  the  publication  of  Dr.  Owen's  report,  the  excitement  of  1845-6  in  reference 
to  copper  was  repeated  in  reference  to  iron.  The  ^vemment  was  at  last  induced  to 
make  surveys  of  the  region.  Preemptors  followed  the  surveyors,  erecting  their  rude 
cabins  on  each  quarter-section  between  the  meridian  and  Lac  des  Anglais,  a  distance 
of  eighteen  or  twenty  miles.  The  iron  belt  is  generally  less  than  one-fourth  of  a  mile  in 
width,  regularly  stratified,  dipping  to  the  northwest  conformable  to  the  formations,  and 
having  its  outcrop  along  the  summit  of  the  second  or  southerly  range.  Viewing  this 
mountain  region  from  La  Pointe,  or  from  the  open  lake,  it  has  the  appearance  of  a 
single  crest  Its  outline  against  the  sky  in  a  clear  day  is  very  distinct  and  regular. 
Along  the  range,  this  crest  line  is  nearly  level,  its  elevation  above  the  lake  being  one 
thousand  to  eleven  hundred  feet.  But  there  are  two  ranges,  known  in  the  countiy  as 
the  first  and  the  second,  or  the  *'  Copper  *'  and  the  "  Iron  '*  range.  There  is  not  much 
ilifference  in  their  elevation.  The  copper  range  being  nearest  the  coast,  covers  the 
iron  nnge,  which,  at  the  distance  of  thirty  miles,  is  only  visible  through  gaps  and 
notches,  the  whole  forming  one  blended  line  in  the  horizon.  To  the  south,  beyond  the 
iron  range,  the  country  is  lower  and  swampy. 

Two  roads  were  soon  constructed  to  the  mineral  deposits  through  the  dense  evergreen 
forests  of  this  latitude.  One  of  them  commenced  at  the  lake,  near  the  mouth  of  the 
Montreal  river,  and  near  the  termination  of  the  fourth  principal  meridian,  extending 
thence  south  and  not  for  from  the  meridian  line.  The  other  began  on  Chegoimegon 
Bay,  at  Ashland,  pursuing  also  a  southerly  course,  and,  after  reaching  the  second  range, 
connected  along  it  to  the  eastward  with  the  first  road,  passing  the  cabins  of  the  pre- 
emptors. In  1853,  Mr.  Daniels,  of  the  Wisconsin  Oeological  Survey,  and  Mr.  Lapham, 
of  Milwaukee,  examined  the  iron  range  in  behalf  of  a  company  which  had  made  exten- 
sive purchases  there,  and  had  caused  a  survey  for  a  railway  to  be  made,  with  a  view  to 
the  manufacture  of  iron. 

Mr.  Lapham's  report  was  published  in  pamphlet  form,  but  as  yet  no  iron  works  have 
been  erected  there.  The  region  was  again  examined  by  me  in  1860,  on  the  part  of  the 
state  of  Wisconsin.  As  my  reports  upon  the  Bad  river  country,  and  those  of  1858, 
**npon  the  rocks  of  the  Menominee  river,  associated  with  iron  ores,*'  have  not  been 
published,  I  propose  to  offer  in  this  paper  a  brief  notice  of  the  analyses  of  specimens 
firom  the  "  Penokie  *'  range,  etc 

By  referring  to  the  "Proceedings  of  the  American  Association,  for  1859,"  a  short 
article  will  be  found  relating  to  the  azoic  slates  of  the  Menominee,  in  which  iron  is  a 
constant  and  large  ingredient  So  many  discussions  have  taken  place  during  the  last 
fifteen  years  upon  the  origin  of  the  azoic  rocks  in  Canada  and  in  Michigan,  that  it  be- 
comes important  to  have  all  the  results  of  diemical  examinations  before  the  public.  I 
propose  to  do  nothing  more  than  present  these  results,  with  such  a  general  description 
of  the  formations  west  of  the  Montreal  river,  on  the  south  shore  of  Lake  Superior,  as 
will  enable  geologists  to  use  them. 

The  profile  accompanying  my  map  for  the  Wisconsin  report  of  1860  is  made  across 
the  stratification,  from  the  village  of  Houghton,  on  Chegoimegon  Bay,  in  a  southeasterly 
direction,  through  the  Dalles  of  Trier's  Fork,  in  Town  45  North,  Range  1  West  The 
formations  are  lettered  A,  B,  C,  D  and  £,  reckoning  downward  from  the  Potsdam  sand- 
stone, A,  to  the  sienite  and  granite,  E.  But  for  present  use,  the  profile  will  be  taken 
along  an  ancient  Indian  trail,  that  leads  from  the  mouth  of  Montreal  river  to  Lac  Flam- 
beau, and  the  formations  will  be  numbered  1,  2,  3,  etc. 

The  provisional  arrangement,  which  it  la  always  necessary  to  make  in  the  early  stages 
of  the  examination  of  a  new  region,  must  of  course  be  based  upon  the  external  charac- 
ters of  the  rocks.  In  this  case,  it  is  not  only  convenient,  but  proves  to  be  a  correct 
arrangement 
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Of  formation  4,  with  Uie  exception  of  specimens  containing  a  large  per  cent  of  iron 
and  regarded  as  ores,  only  two  were  analyzed.  This  is  a  black  fine-grained  slate,  with 
a  silidons  aspect,  and  dark  gray  powder.  It  was  taken  from  near  the  iron  belt  above 
it,  at  a  locality  three  miles  southwest  of  the  trail,  and  about  twelve  miles  from  Lake 
Superior. 

1.  Specific  gravity,  3,049.' 

Carbonaceous  matter  and  moisture 1  .^ 

Silex 80.00 

Protoxide  of  Iron' 17.60 

Oxide  of  Manganese 0.85 

Alumina 0.25 

Magnesia 0.25 

100.00 

2.  Compact,  tough  blue  slate.    T.  45,  N.  R.  1  East.    Specific  gravity,  2, 740. 

Moisture  and  loss 1.25 

Silex 89.60 

Protoxide  of  Iron ••••  3.60 

Oxide  of  Manganese 0.22 

Alumina 2.40 

lime 0.25 

Magnesia 1.63 

Potash 1.05 


100.00 


No  specimen  of  the  above  lists  Is  without  the  oxide  of  iron.  In  the  protoxides,  four- 
teen in  number,  the  percentage  ranges  from  3.60  to  17.60.  Of  the  peroxides,  five  in 
number,  the  per  cent,  varies  from  2.16  to  li.40.  With  one  exception,  lime  pervades 
the  entire  list,  the  proportion  in  no  case  attaining  to  one  per  cent,^  Magnesia  is  present 
in  all  but  two  specimens,  the  largest  amount  being  2.80. 

A  laige  portion  of  formation  3,  west  of  Bad  river,  is  coarsely  crystalline,  with  a  de- 
cided sienitic  aspect.  Around  the  west  end  of  Bladder  Lake  it  is  of  a  light  blue  color; 
in  other  places  flesh  red.    Specimens  8  and  9  of  formation  3  represent  this  deceptive  rock. 

In  composition,  however,  they  range  themselves  with  the  other  specimens  of  the  for- 
mation, as  substantially  silex  and  iron.  Five  specimens  show  potash  ranging  from  1 .45 
to  2.66  per  cent 

No.  7,  nralltlc  gabbro.  In  Formation  8,  No.  1  Ib  a  red  feUito;  No.  8,  granitic  porphyry;  No.  S, 
a  typical  Keweenawan  diabase;  No.  4,  an  '^Ashbed^*  diabase;  No.  7,  a  typical  (greenish)  Kewee- 
nawan  diabase;  No.  8,  coarse  blaish-gray  gabbro;  and  No.  9,  a  pink  granite. 

To  any  one  familiar  with  the  composition  of  crystalline  rocks,  it  will  be  evident  that  the  analyses 
by  Professor  Cassels  here  given  are  wholly  worthless.  The  silica  percentages  given  are  alon^enoogh 
to  prove  this,  since  they  are,  in  nearly  every  case,  ttom.  10  to  80  per  cent  or  more,  too  high.  This  it 
tme  both  of  the  basic  gabbro  and  diabase,  which,  in  fact,  rarely  reach  60  per  cent,  and  of  the 
more  acid  granite  and  felsltic  porphyry,  which  probably  never  exceed  75  per  cent  That  the  latter 
flgnres  are  the  true  percentages  is  shown  not  only  by  the  now  well  known  mineraloglcal  compoci- 
tion  of  these  rocks  (in  itself  a  sufficient  proof),  bat  by  a  series  of  tests  made  in  the  University 
laboratory.  In  two  cases  the  specimens  examined  were  the  same  as  represented  by  analyses  in 
the  above  tables.  No.  2  of  formation  2,  given  in  the  table  as  having  0S.9  per  cent  of  silica,  contains 
in  fact  72.5  per  cent ;  and  No.  8,  given  at  86.00  per  cent,  contains  47.86  per  cent  —  R.  D.  I. 

1 A  black  aphanitic  tlate,  probably  ttom  formation  lY  of  the  Hnronian.  It  contains  a  large 
percentage  of  magneiitty  and  is  therefore  incorrectly  respresented  in  the  analysis.  —  R.  D.  I. 

s  That  the  analyses  are  incorrect  in  this  respect  is  shown  by  the  fact  that  the  predominatiag 
ingredient  of  the  gabbros  is  a  limif^kUpar.  —  B.  D.  I. 
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The  absence  of  potash  or  soda  in  two  of  ^e  trap  rocks  of  formation  2,  may  be  ac- 
coonted  for  by  the  &ct  that  in  both  cases  the  specimens  were  porous  and  exposed  to  the 
atmosphere. 

Hie  proportion  of  caustic  alkalies  is  here  much  less  than  in  the  trap  rocks  of  the  same 
formation  on  Point  Keweenaw,  and  the  traps  of  other  ooontries.  The  presence  of  both 
potash  and  soda  is  a  characteristic  of  these  rocks  elsewhere,  and  also  a  much  larger  per 
cent,  of  alumina.  In  truth,  the  difference  in  mechanical  condition,  as  well  as  diemical 
constitation,  between  these  beds  and  those  which  contain  valuable  veins,  is  so  great  as 
to  discourage  us  as  to  their  practical  value. 

In  No.  1  of  formation  4,  there  is  found  carbonaceous  matter  like  the  black  slate  of  the 
Potsdam  sandstone,  formation  1.  Among  the  slates  of  this  series  there  are  no  instances 
of  the  dark  green  color  that  characterizes  chloritic  and  magnesian  rocks,  or  which  might 
indicate  the  presence  of  silicates  of  iron.  Hie  silez  is  evidentiy  in  excess  over  all  sub- 
stances that  might  act  as  bases,  and  thus  the  quartz  and  iron  oxides  are  proven  to  be 
mechanical  mixtures. 
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APPENDIX  B. 

MICROSCOPIC  EXAMINATION  OF  ELEVEN  ROCKS  FROM  ASHLAND 
COUNTY,  WISCONSIN. 

BY  ALEXIS  A.   JTJLIEN. 

1411.  Chloritlc  Gneiss.  Laurentian.  Penokee  Gap,  Northwest  quarter  See, 
14,  T,  4it  R.  3  W,  Blackiflh-gray,  with  black  specks,  mottled  on  cross-sectioii  by  thin, 
irregular,  grayish- white  spots  and  streaks.  A  compact  gneiss  of  medium  grain  and 
rather  slaty  structure,  made  up  of  alternations  of  whitish  laminae,  one-thirty-seoond  to 
one-sixteenth  inch  thick,  rich  in  quartz,  with  some  feldspar,  and  of  thinner  seams  of 
black  hornblende,  in  fibrous  facets  sometimes  one-eighth  of  an  inch  long,  with  minute 
scales  of  a  black  mica.  In  some  parts  of  the  black  laminae  the  mica-scales  predominate 
or  entirely  replace  the  hornblende.  Powder  greenish-gray.  The  rock  is  traversed  by  a 
few  thin  seams  of  quartz  across  the  lamination.  Weathers  to  a  brick-red  color,  which 
also  permeates  the  fissures.    Specific  gravity,  2.78. 

Microscopic  description.  The  predominating  mineral,  orthoclass,  occurs  in  rather 
irregular  grains,  sometimes  clouded  by  inclusions,  with  at  least  one  very  fine  cleavage 
distinct  in  ordinary  light  and  sometimes  another  more  imperfect  The  common  indu- 
sions  in  some  grains  consist  of  elongated  granules  (scales?)  of  kaolin  irregularly  distrib- 
nted  or  along  the  cleavage  lines;  also  tiny  rounded  scales  of  muscovite,  granules  of 
altered  hornblende,  and  separated  scales  and  blades  of  chlorite.  In  polarized  light  its 
occasional  twinning  is  rendered  evident,  and,  at  +  *,  the  usual  mottling  with  yeliowish- 
white  and  maroon.  The  grains  vary  in  diameter  from  0.06  to  0.88  mm.  A  plagio- 
clase  feldspar,  probably  oJigoclase,  occurs  in  abundance,  not  only  interlaminated  with 
the  orthoclase  in  the  usual  forms,  distinct  in  polarized  light,  but  also  in  angular  grains 
and  plates,  a  few  of  whidi  are  clear,  but  most  are  clouded  almost  to  opacity  by  minute 
gray  inclusions;  the  striation  (by  twin-lamellation)  is  often  very  fine,  especially  when 
the  inclusions  have  a  linear  and  parallel  arrangement  The  various  stag^es  of  this  alter- 
ation, apparently  kaolinic,  are  everywhere  shown,  from  grains  in  which  the  grayish 
material  traverses  the  clear  unaltered  mineral  in  a  few  lines  or  envelops  it  with  a  thin 
fringe,  to  those  which  appear  entirely  granulated  and  opaque.  In  polarized  light  at  •¥- , 
a  few  broad  bars  are  generally  seen,  of  gray  and  bluLsh-gray,  traversing  a  yellowish- 
white,  brownish-yellow,  or  maroon  field.  The  usual  diameter  of  the  grains  varies  from 
0.11  to  0.59  mm.  Quartz  is  a  common  constituent,  mostly  in  small,  clear  and  coloriess, 
irregular  granules;  but  abo  in  rounded  grains,  with  a  common  arrangement  of  their 
longer  axes  parallel  to  the  lamination,  whose  form  and  position  at  once  suggest  a  sedi- 
mentary origin.  The  grains  aro  usually  from  0.04  to  0.39  mm.  in  diameter.  The 
mineral  is  dotted  with  minute  inclusions,  many  brownish-red  and  brownish -yellow  par- 
ticles of  ochre,  a  few  scales  of  chlorite,  colorless  needles  and  microliths  (perhaps  of 
apatite),  a  few  crystalline  granules  and  particles  of  magnetite,  and  a  few  liquid  indn- 
sions  (X  oOO) '  at  wide  intervals,  many  of  which  endose  a  bubble,  which  appears  some- 
times stationary,  sometimes  in  lively  motion.  Hornblende  is  abundantly  dispersed 
through  the  section  in  grains  and  plates  extremely  inegular  in  outline;  this  is  due  to 
the  scaly  structure  of  the  partially  altered  mineral,  many  of  the  scales  having  been 
loosened  or  removed  in  such  a  way  as  to  leave  rounded  cavities  and  even  a  net-work. 

>  ThU  coDTenient  Blgn  for  **  crotied  nicols  *^  hu  been  recentiy  proposed  by  H.  O.  Laog  in  hit 
•*Grnndrits  der  Oeeteinskandc/^ 
*  Magnified  500  diameters. 
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The  color  is  brownish-green,  in  part  brownish-yellow  and  brownish-red  by  oxidation  and 
permeation  with  ocliro.  The  prismatic  cleavage  is  generally  distinct,  and  sometimes 
another  less  peifect.  The  ordinary  inclusions  consist  of  elongated  grannies  and  minute 
pardcles  of  magnetite,  arranged  in  clouds  or  dusty  groups  parallel  to  the  cleayage,  scales 
and  blades  of  chlorite  and  grains  of  quartz.  The  blades  range  in  length  from  0.09  to 
1.88  mm.  Chlorite  constitutes  the  blmsh-green  pseudomorphous  masses,  often  some- 
what dichroitic,  especially  when  retaining  the  hornblende  cleavage,  as  well  as  the  still 
more  common  scattered  scales  and  blades,  generally  rounded,  produced  by  disintegra- 
tion of  the  larger  masses.  Its  color  sometimes  passes  by  yellowish  and  reddish  shades 
into  a  leather-brown,  by  oxidation,  with  the  final  product  of  thin  films  of  ochre.  Iti 
inclusions  are  minute  crystals  and  particles  of  magnetite,  particles  and  films  of  ochre, 
fmd  rounded  granules  of  quartz.  The  scales  are  from  0.05  to  0.89  mm.  in  diameter. 
Here  and  there  a  few  of  the  bluish-green  chlorite  scales  pass  into  colorless  scales  and 
blades,  often  rectangular,  which  appear  to  be  muscovUe,  Magnetite  is  mostly  found,  as 
above  indicated,  in  close  vicinity  to  the  hornblende  and  chlorite,  in  grains  or  groups  of 
crystals  sometimes  surrounded  by  an  ochreous  halo,  0.01  to  0.39  mm.  in  diameter,  the 
latter  being  distinguishable  in  the  thin  section  by  the  naked  eye.  The  non-magnetic 
property  of  many  of  these  black  particles,  on  trial  of  the  pulverized  rock  by  a  magnet, 
seems  to  refer  them  probably  to  menaccanite. 

This  rock  is  evidently  a  transition-variety,  in  the  progress  of  alteration  of  a  homblendic 
gneiss.  On  ignition,  its  powder  assumes  a  reddish- brown  color  and  loses  1.08  per  cent, 
of  its  weight,  which,  if  attributed  mainly  to  the  chlorite,  would  indicate  the  presenca 
of  about  9  per  cent,  of  the  latter  mineral.  Hornblende-gneisses,  of  the  same  general 
character  and  with  a  greater  or  less  development  of  the  bluish-green  chlorite,  are  quite 
common  in  this  country;  e.  ^.,  on  New  York  Island  and  at  New  Rochelle,  N.  Y.;  on 
Poplar  river,  Wisconsin,  etc. 

1421.  Crystalline  Limestone.  Hurokian,  Fobmation  I.  PenokeeGap.  North- 
west quarter  Sec,  14^  T,  44,  R,  3  W,  Fawn-colored.  An  aphanitic,  compact,  granular 
hmestone,  whose  seams,  covered  with  ochreous  films,  indicate  a  schistose  structure.  Mi- 
nute yellow  and  glittering  crystals  of  pyrite  can  be  just  detected  by  the  eye,  and  are  here 
and  there  represented  —  especially  below  and  near  the  weathered  surface  —  by  ochreous 
particles  and  specks  produced  by  decomposition.  A  few  very  thin  veins  of  gray  calcite 
traverse  the  rock.  Under  the  loup  the  facets  of  calcite  are  distinguishable,  a  grain  of 
greenish' white  tremolite,  about  a  quarter  of  an  inch  across,  and  a  few  tiny  blades  of  a 
djurk  mineral.  Weathered  surface  smooth  but  uneven,  stained  with  brownish-yellow 
films,  and  seamed  irregularly  by  many  minute  linear  furrows,  by  the  weathering  out  of 
the  calcite- veins.    Specific  gravity,*  2.78. 

Microscopic  description.  The  texture  remains  aphanitic  to  the  naked  eye,  even  in  the 
thin  section.  The  predominant  mineral,  calcite,  is  present  in  minute,  colorless,  rounded 
to  sub-angular  granules,  rarely  with  good  cleavage  lines,  closely  fitted  into  each  other. 
About  half  of  them  are  clear  and  colorless,  the  rest  slightly  grayish.  Their  size  is  usu- 
ally 0.025  to  0.05  mm.,  varying  from  0.018  to  0.10  mm.  The  inclusions  (X500)  con- 
sist of  minute  colorless  granules,  microliths  of  tremolite,  and  granules  of  reddish  to 
blood-red  ochre  or  gothite,  0.0006  to  0.004  mm.  in  diameter.  The  mineral  polarizes 
at  +,  rather  brightly,  some  grains  more  than  others,  with  lively  colors,  irregularly 
mottled;  many  grains  show  simple  twinning,  on  rotation  of  either  nicol,  and  some- 
times the  stripes  of  twin-lamellation,  with  somewhat  indistinct  efiFect.  Short  needles 
of  tremolite  are  scattered  among  the  calcite-grains  and  sometimes  gathered  in  radi- 
ating bunches.    They  vary  in  width  from  0.002  to  0.025  mm.,  and  in  length  from 

>  All  the  epcciflc  graTiiy  determinations  in  this  paper  were  made  by  the  pycnomoter,  on  the  min- 
erals in  coarse  powder,  in  distilled  water  at  62^,  F. 
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0.006  to  0.15  mm.  They  are  readily  distingaisbed  from  the  caldte  by  their  strong 
double-refraction,  polarizing  brightly  at  + .  On  solution  of  a  portion  of  the  rock  in  add, 
a  rather  large  grayish  insoluble  residue  is  obtained,  consisting  of  this  mineral.  Pyrite 
is  sparsely  but  generally  distributed  in  opaque  granules,  with  square,  rectangular,  or 
irregular  outlines,  and  a  diameter  of  0.008  to  0.076  mm.  A  small  quantity  of  mag- 
netUe  is  also  present  in  minute  black  crystals.  The  calcite-grains  in  this  rock  are  smaller 
and  less  angular  than  those  of  Carrara  marble,  and  without  the  general  cleayage  com- 
mon in  the  latter.  In  size  they  more  closely  resemble  those  in  the  limestone  at  Radnor 
Station,  Pa.  But  the  rounded  form,  with  the  interstices  occupied  by  the  smaller  par- 
ticles, may  be  attributed  to  the  mutual  attrition  of  the  granules  during  motbn  of  the 
rock  in  its  plastic  condition. 

1452.  Tremolitic  Mai^netite-slate.  Hubonian,  Fobhatioh  IT.  Penokee  Gap. 
Northwest  quarter  See.  14,  T.  44,  R,  3  W.  Brownish-black.  A  magnetite  of  aphanitic 
texture,  with  feeble  lustre  on  schist-planes,  rather  brittle,  divided  into  angular  masses 
by  a  few  fissures  covered  with  brownish-yellow  films.  Under  the  loop,  it  shows  only 
the  very  minute  glittering  ftuxts  of  magnetite,  and  appears  at  first  to  be  perfectly 
opaque  on  the  edges  of  thinnest  splinters;  but,  by  sufiicient  search,  a  few  tnmslocent 
particles  can  be  detected.  Fracture  uneven.  Powder,  bladdsh-green.  Streak  grayish- 
black  and  shining.  Weathers  only  superficially  to  deep  shades  of  brownbh-red  and 
brownish-yellow,  with  the  edges  of  the  laminae  projecting  in  the  cross-section  and  im>- 
dudng  a  rough  rasp-like  surface.    Specific  gravity,  4.24. 

Microscopic  description.  The  thin-section  reveals  a  prclominant  quantity  of  mag- 
netite, pretty  uniformly  and  thickly  distributed  through  a  colorless  ground-mass  of  quarti 
and  tremolite.  The  magnetite  occurs  in  black  and  opaque  cubes  and  octahedra  of  vari- 
ous sizes,  from  particles  just  visible  at  a  magnifying  power  of  170  up  to  crystals  of  a 
diameter  of  0.13  mm.  In  some  parts  of  the  thin-section  it  is  more  thickly  clustered 
together  in  opaque  patches,  and  elsewhere  more  loosely,  so  as  to  leave  small  patches 
and  long  lanes  or  veins  of  the  colorless  ground-mass  quite  free  from  magnetite.  The 
ground-mass  appears  to  consist  largely  of  granules  of  colorless  quartz,  about  0.01  mm. 
in  diameter,  polarizing  in  the  usual  method  of  crystalline  aggregate.  Tremolite  occurs 
abundantly  in  very  small  blades,  needles,  scales,  and  still  more  minute  granules,  and 
oxasidnally  in  large  grains,  showing  the  usual  cleavage  of  amphibole.  The  sise  of  the 
blades  rarely  exceeds  0.004  mm.  in  width  and  0.038  mm.  in  length.  In  some  places 
the  fine  needles  and  microliths  of  the  mineral  are  gathered  in  bunches,  crossing  each 
other  in  a  dose  net- work.  In  polarized  light,  at  +,  polarizes  richly  with  variegated  ar- 
rangement of  bright  colors,  the  outlines  of  the  blades  and  scales  becoming  distinct  A 
few  colorless  scales,  sometimes  with  cleavage,  which  are  interspersed  among  the  trem- 
olite-scales,  polarize  feebly  and  appear  to  be  talc.  Hematite  was  also  distinguished  in 
the  form  of  a  few  very  minute  blood-red  granules,  adhering  to  magnetite,  and  also  in 
brownish-red  films  and  particles,  forming  cloudy  fringes,  usually  about  0.01  mm.  in 
width,  to  some  of  the  magnetite  granules,  llie  scales  of  tremolite  are  also  sometimes 
tmged  yellowish  or  reddish  by  ochreous  films.  The  entire  bulk  of  the  pulverized  rods  is 
taken  up  by  the  magnet,  and  on  ignition  of  a  weighed  quantity  it  assumes  a  reddish- 
black  color  by  absorption  of  oxygen  and  increases  in  weight 

29.  Black  Feldspathfc  Slate.  Huroniaw,  Formation  V.  Penokee  Oap.  North- 
west  quarter  Sec.  14,  T,  44,  R.  3  W.  Grayish-black,  with  minute  glittering  points.  A 
compact,  aphanitic  rock  of  imperfect  slaty  structure,  conchoidal  fractore,  grayish- white 
streak,  greater  hardness  than  that  of  an  argillyte,  and  without  any  argillaceous  odor  on 
moistening.  Under  the  loup,  it  appears  to  be  chiefly  made  up  of  minute  glittering  facets, 
sometimes  triangular,  rarely  large  enough  to  be  distinguishable  by  the  naked  eye.  Also 
a  very  few  minute  yellow  particles  of  pyrite  can  be  distinguished.    On  the  edges  of  thin 
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splinters,  a  light-cobred  mineral  may  be  identified  in  minute  gronples.  Weathers 
smoothly  and  miiformly  to  a  brownbh-red  color.    Specific  gravity,  2.81i 

Microscopic  description.  The  thin  section  reveals  to  the  naked  eye  an  abundance  of 
transparent  particles  in  a  brownish  cement.  Clear  and  colorless  orthoclase  predominates 
in  angolar  grannies  or  plates,  often  rectangular  or  liiombic  in  cross-section,  rarely  hex- 
agonal. Their  longest  axes  are  usually  0. 1  to  0.2  mm. ,  varying  from  0.03  to  0.25  mm.  In 
some  granules  distinct  lines  of  cleavage,  in  two  directions,  are  displayed,  even  in  ordi- 
nary light  The  few  indusious  (often  clouding  the  granules)  consist  of  minute  crystals 
of  feldspar,  colorless  needles  of  amphibole,  and  especially  minute  particles  of  magnetite, 
gathered  in  dusty  groups,  and  of  the  same,  with  scales  of  bioUte,  arranged  in  bands 
whose  plane  sur&ces  indicate  in  each,  a  thin  seam  of  infiltration.  The  grains  polarize 
feebly  in  most  cases  at  + ,  on  account  of  the  thiimess  of  the  section,  here  and  there  dis- 
play a  twin-structure,  and  sometimes  wavy  lines  produced  by  incipient  alteration.  The 
cement  between  these  granules  consists  of  a  mixture  of  biotite  andopacite.  The  bioHie 
traverses  the  interstices  in  thin  layers,  made  up  of  rounded  scales  and  short  blades  of  a 
brownish-yeUow,  brownish-gray,  to  light-brown  color,  feebly  dichroitic  (yeUowish-white 
to  brownish,  or  even  opaque).  Many  of  the  leaves  are  very  minute  and  thin,  but  they  are 
generally  from  0.005  to  0.076  mm.  in  diameter.  Qreenish-white  needles  of  amphibole. 
0.01  to  0.07  mm.  in  length,  may  be  occasionally  observed  in  the  cement,  and  as  an  inclu- 
sion in  the  orthoclase.  Opacite  is  commonly  distributed  in  very  minute  dark  particles, 
sometimes  black,  sometimes  brownish-red  to  nearly  opaque,  often  0.02  mm.  in  diameter, 
and  probably  consists  chiefly  of  pyrite  and  limonite,  with  a  very  small  quantity  of  mag- 
netite. It  occurs  as  an  inclusion  in  orthoclase,  or,  in  the  cement,  gathered  in  bunches, 
or  in  thin  layers  around  the  grains  of  orthoclase,  and  marking  their  outlines  where  ob- 
scured by  biotite.  Brownish-red  films  of  ochre  sometimes  fringe  these  granules.  On 
ignition  of  the  powdered  rock  its  light  brownish-green  color  passes  into  umber,  with  a 
loss  of  1.59  per  cent,  of  its  weight.  This  rock  is  an  interesting  and  rather  unusual  vari- 
ety of  schist,  of  distinct  sedimentary  appearance  and  orip^,  antecedent  to  the  formation 
of  an  argillyte,  but  exhibiting  no  traces  of  metamorphism. 

1439.  Chloritic  Dioryte.  Huronian,  Fokmation  IX.  Penokee  Gap.  South- 
west quarter  Sec.  11,  T.  44,  R.  3  W.  Grayish-black,  with  tiny  shining  &cets.  A  com- 
pact, hard,  and  rather  fine-grained  rock,  with  uneven  fracture,  gray  powder,  and  a 
grayish- white  streak,  partly  shining  from  abraded  steel.  Under  the  loup,  it  displays  a 
prominent  amount  of  blades  of  black  hornblende,  with  minute  scales  of  a  black  mica- 
ceous mineral,  a  very  few  particles  of  pyrite,  and  numerous  crystals  of  brownish  feld- 
spar.   Weathers  to  a  light  brown.    Specific  gravity,  2.99. 

Microscopic  description.  The  thin-section  displays  to  the  naked  eye  a  predominant 
quanti^  of  plagioclase  in  clear,  sharply  defined  crystals,  separated  by  minutely  granular 
masses  of  a  bluish-green  to  brownish-green  color,  usually  0.87  to  1.04  mm.  across,  which 
lonsist  of  the  products  of  the  alteration  of  hornblende,  viz.,  more  or  less  altered  amphi- 
oolo.  chlorite,  crystals  of  pyrite,  and  fihns  of  ochre.  The  tabular  crystals  of  plagioclase 
ore  long  and  mostly  unbroken  and  perfect,  presenting  dear  rectangular  sections,  gener- 
■Hy  with  good  striation,  and  fainter  cross-lines  at  right-angles.  They  vary  in  length  usu- 
^ly  from  1.0  to  1.9  mm.,  and  in  width  0.09  to  0.7  mm.,  commonly  one-fifth  of  the  length. 
These  crystals  are  probably  oligodase,  but  many  parts  of  them  and  many  entire  crystals 
display  no  striation,  even  in  polarized  light,  and  may  possibly  consist  of  a  monoclinic 
feldspar.  Their  inclusions  comprise  scales  of  greenish  chlorite,  long  needles  or  micro- 
liths  of  colorless  or  greenish-actinolite,  a  few  particles  of  opacite,  and  rarely  films  and 
granules  of  brownish-yellow,  sometimes  blood-red  ochre  (X  925).  Between  the  crossed 
nicols,  the  crystals  show  simple  twinning  or  are  traversed  by  stripes  of  a  grayish,  green- 
ish-white, or  yellowish-white  color,  passing,  on  rotation  of  a  prism,  into  shades  of  ma- 
roon, or  in  some  cases,  to  brilliant  greenish-blue  with  crimson  edges.    The  crystals  of 
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plagiodaBe  often  endooe  green  Teins  or  bunches  along  the  lamellation.  The  fissures 
have  been  widened  into  cavities  of  a  leniacolar  and  sometimes  iiregnhir  shape,  evidently 
by  solution  and  removal  of  material;  then  lined  by  a  thin  bliush-green  translucent  layer 
of  chlorite,  slowly  deposited  from  solution  upon  the  walls  of  the  cavities,  and  finally  fiUed 
up  by  a  minutely  granular  and  more  impure  material,  of  a  bluish-green  to  brownish- 
green  color,  and  enclosing  one  or  more  cubes  of  pyrite,  which  is  a  crystalline  aggregation 
from  more  n^id  deposition.  The  pyrite  has  been  the  last  mineral  deposited,  and  is 
plainly  a  secondary  product  from  the  alteration  of  the  hornblende  of  the  original  diorite. 
A  similar  permeation  of  plagioclase  by  infiltration  has  inclined  some  observers,  errone- 
ously in  my  view,  to  attribute  the  origin  of  viridite  in  part  to  the  decomposition  oMio 
feldspar.  The  films  and  particles  of  ochre,  in  some  of  the  veins  in  question,  have  evi- 
dently been  i>roduced  by  the  decomposition  of  the  chloritic  aggregation  by  the  subse- 
quent passage  of  aerated  waters.  In  the  greenish  masses  which  envelop  the  crystal 
of  plagioclase,  ehlarite  is  the  predominant  constituent,  in  minutely  granular  masses, 
tiny  scales  (0.06  to  0.18  mm.  across)  and  blades,  <^  a  bluish-green  and  greenish-white 
color,  in  part  rendered  brownish-green  by  incipient  alteration  and  ochreous  films.  With 
sufficient  magnifying  powers  (X  150)  it  is  found  to  be  everywhere  decidedly  dichroitic, 
passing  from  brownish- white  to  bluish-green.  Its  inclusions  consist  (X  925)  of  numer- 
ous particles  of  pyrite,  tiny  scales  of  acCinolite,  and  films  or  granules  of  ochre.  The  out- 
line of  a  green  mass — a  former  crystal  of  hornblende — is  often  composed  of  a  dear 
translucent  border  of  bluish-green  dilorite,  0.006  to  0.02  mm.  in  width,  which  is  some- 
times transversely  fibrous,  i .  e.,  made  up  of  scales  seen  in  cross- section.  A  similar  fringe 
sometimes  envelops  the  grains  of  pyrite.  ActinolUe  is  commonly  dispersed  antong  and 
through  the  green  masses  in  aggregations  of  long  parallel  blades,  greenish  and  strongly 
dichroitic,  often  altered  to  a  brownish-yellow  color  or  colorless.  Such  an  aggregation  only 
represents  a  form  of  alteration  of  the  original  hornblende,  its  fibrous  texture  (prismatic 
deavage)  surviving  in  the  parallel  arrangement  of  the  actinolite  needles.  In  width 
they  vary  from  0.003  to  0.01  mm.,  and  in  length  up  to  0.75  mm.  Needles  and  microlith?, 
greenish  to  colorless,  are  also  scattered  in  the  plagiodase  or  project  into  it  from  its  green 
envelope.  The  similarity  in  optical  properties  renders  it  probable  that  the  actinoUte,  at 
least  in  part,  consists  of  pseudomorphous  chlorite.  Pyrite  is  abundantly  distributed, 
almost  entirely  in  the  green  material,  in  opaque  grains,  displaying  a  glittering  steel  yel- 
low surface  in  reflected  light,  mostly  of  somewhat  uniform  size,  0.17-0.35  mm.,  varying 
from  0.02-0.69  mm.,  in  longest  diameter.  Their  form  is  mostly  that  of  rhombic,  trian- 
gular, or  irregular  crystalline  grains — or  thin  tabular  plates,  giving  long  and  rectangu- 
lar sections  or  thin  lamina  occupying  fissures;  their  outlines  are  often  ragged,  and  their 
interiors  more  or  less  cellular,  so  as  to  present  skeleton  or  network  forms,  sometimes 
with  apparent  deavage  or  gridiron-structure,  and  sometimes,  from  insuffident  material 
in  crystallization,  with  a  geode -like  interior  partially  occupied  by  minute  crystals  or 
plates.  The  action  of  the  magnet  on  the  pulverized  rock  establishes  the  presence  of  a 
very  small  quantity  of  magnetite,  perhaps  the  opaque  partides  among  the  indusions  of 
the  feldspars. 

On  ignition,  the  pulverized  rock  assumes  a  yellowish-brown  color,  and  loses  only  0.74 
per  cent  of  its  weight,  considerable  oxidation  having  probably  taken  place  among  its 
ferrous  constituents.  The  abrasion  of  soft  steel  al<mg  the  streak  of  this  rode,  when 
scratched  by  a  knife,  seems  to  be  due  to  the  hardness  of  the  unaltered  feldspar.  The 
unbroken  condition  and  sharply  defined  outlines  of  the  feldspar-crystals  in  this  diorjrte 
has  only  rarely  been  found  in  American  rocks  of  this  class,  «.  ^.,  in  one  from  Wood- 
bury, Connecticut.  Either  the  constituent  minerals  are  usually  less  perfectiy  crystallized, 
as  in  the  dioryteof  Stony  Point,  New  York;  or  they  have  been  much  broken  and  blended 
by  internal  motion  and  metamorphism,  as  in  the  numerous  varieties  in  the  bdt  which 
passes  through  Greensboro,  Salisbury,  and  (IThariotte,  N.  C. 
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1429.  Maffnetltlc  Mica-Slate.  Hurosian.  Formation  XII.  Fniokee  Gap, 
Sotahwest  quarter  Sec.  11,  Town  44,  Range  3  West.  Bladdsh-gray,  aUghtly  reddish, 
with  tiny  black  specks.  An  argillite  of  the  usual  fine  texture,  in  which,  however,  the 
eye  distinguishes  many  very  minute  sparkling  black  scales;  through  this  dull  ground- 
mass  are  scattered  many  short  black  blades,  somewhat  glossy,  rarely  one-sixteenth  of 
an  inch  in  length  and  about  one-sixteenth  to  one-eighth  of  an  inch  apart,  lying  chiefly 
in  the  planes  of  slaty-lamination.  Under  the  loup,  the  groundmass  appears  to  be  made 
op  of  glistening  scales  of  a  blackish  mica,  disseminated  through  a  grayish-white  min- 
eral and  concentrated  in  greater  abundance  in  certain  alternating  laminsB  of  the  slate. 
Fracture  hackly.  Powder  gray.  Weathers  only  superficially  to  a  brownish-yellow, 
smooth  surface.  Specific  gravity,  2.78.  On  ignition  of  a  weighed  quantity  of  the  pul- 
verized rock,  it  assumes  a  light-brown  color  and  loses  1.74  per  cent 

Microscopic  description.  The  thin  section  appears  very  fine-grained,  displaying  the 
lamination,  to  the  naked  eye,  streaked  with  the  darker  films.  Biotite  is  present  in  abun- 
dance in  light  yellowish-brown  (by  transmitted  light)  irregular  scales,  with  sharp  out- 
Hnes,  of  which  many  of  the  smaller  are  nearly  circular;  all  are  more  or  less  dichroitic 
when  sufficiently  magnified  (X  175),  especially  the  brownish  to  colorless  striated  cross- 
sections  (X  800);  the  greatest  dimensions  observed  were  0.038  to  0.076  mm.  Brownish, 
yellowish  and  colorless  blades  of  tremolUe  also  occur,  with  square  or  pointed  ends,  from 
0.001  to  0.011  mm.  in  widtti,  and  from  0.01  to  0.079  mm.  in  length.  It  generally  polar- 
izes brightly,  from  yellowish  to  brownish-red,  sometimes  bluish-green  to  deep-red. 
Colorless  quartz  appears  to  be  the  predominant  material,  in  the  form  of  the  ground- 
mass,  displaying  no  outlines  in  ordmary  transmitted  light  It  polarizes  at  +  in  part 
rather  feebly,  in  part  bright  greenish-yellow,  blue,  or  brown  to  dark,  and,  on  rotation 
of  the  section,  the  dark  patches  become  stippled  with  greenish-yellow,  revealing 
the  more  minute  constituent  granules,  which  average  about  0.019  to  0.026  mm.  in 
diameter.  Opaque  particles  of  pyrite  and  magnetite  are  abundantly  dispersed,  mainly 
associated  with  the  scales  of  biotite,  included  within  them,  and  (the  more  minute)  ar- 
ranged along  the  lines  of  striation.  They  occur  in  grains  of  varying  size,  mostly  irreg- 
ular, some  of  the  smaller  being  semi-crystalline  in  form  and  representing  the  magnetite, 
whose  presence  is  confirmed  by  the  action  of  the  magnet  on  the  pulverized  rock.  The 
larger  grains  appear  to  consist  of  aggregated  groups  of  pyrite  with  ragged  outUnes, 
and  angular,  often  rectangular  projecting  prongs;  their  greatest  dimension  averages 
about  0.019  to  0.03  mm.  and  sometimes  reaches  0.19  mm.  In  reflected  light  they 
exhibit  a  white  to  reddish- white  color  and  sparkling  lustre.  The  most  minute  particles 
are  very  generally  dispersed,  and  also  often  concentrated  in  bands  which  streak  the 
thin-section  and  mark  its  lamination;  these  particles  are  too  minute  for  measurement, 
even  when  magnified  800  diameters.  A  very  few  blood-red  granules  (X800)  may  prob- 
ably be  referred  to  gOthite;  some  are  triangular  and  show  a  radiated  structure,  as 
though  composed  of  minute  radiating  crystals.  This  rock  resembles  some  of  the  finest- 
grained  mica-slates  of  the  Marquette  region  of  northern  Michigan. 

1498.  Chiastolltic  Mica-Slate.  Hurokian,  Formation  XVI.  Northwest  quarter 
Sec.  lit  Town  44,  Range  3  West.  Blackish-gray  with  ebngated  yellowish-white  spots. 
An  argillyte,  with  irregular  schistose  structure  and  the  usual  aphanitic  slightly-shining 
material.  Through  this,  at  intervals  of  about  one-fourth  inch,  are  distributed 
numerous  blades  of  chiastolite  one-fourth  to  one-half  inch  in  length  and  usually 
one-sixteenth  of  an  inch  in  width,  lying  in  all  directions  within  the  schist- 
plane,  and  sometimes  presenting  rhombic  cross-sections.  The  seams  usual  in  an  argil- 
lyte are  covered  with  dull  reddish-brown  ochreous  films.  Powder  greenish-gray.  Under 
the  loop,  the  ground-mass  appears  to  be  chiefly  made  up  of  veiy  minute  glistening  mi- 
caceous scales,  sometimes  in  black  bunches  of  a  little  coarser  texture.  The  chiastolite 
blades  all  exhibit  a  more  or  less  decided  black  line  down  the  centre,  which,  imder  the 
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loap,  is  found  to  consist  of  scales  like  those  of  the  ground-mass;  the  chiastolite  materia) 
on  either  side  of  the  line  is  white  or  colorless,  where  undecompoeed,  but  has  usually 
been  rendered  yellowish  by  alteration.  The  black  bunches  of  micaceous  scales,  above- 
mentioned,  often  have  the  same  bladed  form  and  are  evidently  pseudomorphs  after 
chiastolite.  Weathers  irregularly  to  a  light  brownish-gray,  spotted  by  the  decomposed 
and  brick-red  blades  of  chiastolite.    Specific  gravity,  2.69. 

Microscopic  descnption.  To  the  naked  eye  and  under  low-powers,  the  thin-section 
displays  a  few  minute  prisms  of  chiastolite  scattered  through  a  dark,  minutely-speckled, 
brownish  groimd-mass,  which  is  also  occasionally  traversed  by  short  and  narrow  yellow- 
ish-white veins.  Long,  brownish,  minute  bodies,  with  rectangular  sections,  denote  the 
last  stage  in  the  alteration  of  the  chiastolite-prisms.  With  higher  powers  (XI40),  the 
ground-maBs  is  resolved  into  a  mixture  of  a  predominant  quantity  of  blades  of  color- 
less tremolite,  with  a  somewhat  smaller  amount  of  scales  of  brownish  bioUte  and  black 
particles  of  carbon,  with  a  colorless  material  diffused  throughout  their  interstices.  In 
some  parts  of  a  slide  the  elongated  scales  and  particles  of  these  minerals  have  a  paral- 
lel arrangement,  and  a  scaley  structure  is  produced,  probably  by  a  contraction  of  the 
material  of  the  ground-mass  around  the  blades  of  chiastolite.  Only  a  few  crystals  of 
this  mineral  occur  in  the  thin  section,  mostly  enclosing  the  characteristic  prism  of  impu- 
rities (Hatty's  *'macle  circonscrit*'),  with  an  outer  envelope  of  the  pure  mineral. 
The  impurities  have  sometimes  a  regular  and  parallel  arrangement,  so  as  to  produce  a 
well-defined  prism,  with  sides  parallel  to  that  of  the  crystal,  but  are  usually  heaped  to- 
gether irregularly  —perhaps  disarranged  by  the  alteration  of  the  crystal.  The  dimen- 
sions of  the  prism  are  from  0.14  to  0.21  mm.  in  width  and  0.79  to  L39  mm.  in 
length.  The  inclusions  consist  chiefly  of  brownish  scales  of  biotite,  vrith  a  smaller 
quantity  of  particles  of  carbon  lying  in  all  planes.  In  polarized  light,  at  +,  the  a4ia- 
cent  angles  of  this  inner  prism  and  of  the  ouUines  of  the  crystal  are,  in  some  instances, 
connected  by  dim,  dark  lines,  nmning  diagonally.  The  brownish  blades  already  men- 
tioned are  filled  throughout  with  the  same  inclusions  and  show  complete  alteration  of 
the  chiastoHte  and  diffusion  of  impurities.  The  outer  envelope  of  the  pure  mineral 
constitutes  the  bulk  of  most  of  the  crystals.  Its  material  is  clear  and  colorless,  is  tra- 
versed by  two  systems  of  cleavage-lines  at  right-angles  (prismatic  and  basal),  contains 
few  inclusions  (chiefly  particles  of  carbon),  and  polarizes  with  lively  colors  — bright- 
green  through  yellowish-white  to  maroon,  between  the  crossed  nicols.  In  most  crystals, 
however,  the.usual  alteration  has  taken  place,  evidentiy  from  the  outside,  rendering  the 
ouUines  more  or  less  jagged  and  irregular,  and  leaving  only  a  few  rounded  grains  of  un- 
altered mineral,  distinguishable  by  their  clearness, the  absence  of  color,  surviving  cleavage, 
and  especially  their  polarizing  properties.  The  alteration  material  is  yellowish-white, 
minutely  granular,  contains  more  or  less  impurities  (chiefly  carbon,  with  a  little 
biotite),  is  often  separated  from  the  grains  of  unaltered  chiastolite  by  a  heaping  up 
of  a  black  line  of  carbon  particles  against  the  outlines  of  the  latter,  and  appears  to 
consist  of  the  colorless  material  of  the  ground-mass,  polarizing  in  a  simUar  way. 
Biotite  is  commonly  dispersed  through  the  ground-mass  in  irregular,  usually  angular 
brownish  scales  (X140),  lying  in  all  planes,  generally  0.01  to  0.04  mm.  in  diameter. 
Others,  of  greater  length  and  lighter  tint,  with  good  striation  and  strong  dichroism,  are 
cross-sections  sliced  by  the  thin-section.  Where  the  laminated  structure  appears  in  the 
section,  the  biotite  scales  are  gathered  together  into  bunches,  sometimes  0.3  mm.  in 
length.  This  mineral  is  also  distributed  through  the  altered  crust  of  the  chiastohte- 
crystals  and  forms  the  chief  mclusion  within  their  cores.  The  black  and  opaque  parti- 
cles of  carbon  are  irregulariy  distributed  through  the  ground-mass  without  arrangement 
Even  at  a  magnifying  power  of  925  diameters,  their  outlines  remain  irregular,  and  the 
larger  flakes  are  especially  ragged,  and  pierced  with  minute  holes,  which  signify  that 
they  are  mero  loose  aggregations  of  the  smaller  particles.    Their  usual  diameter  is 
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O.008  to  0.019  xmn^f  bat  Taries  from  the  minotest  particles  to  0.21  mm.,  or  larger. 
A  few  display  fine  lines,  being  either  fine  microliths  or  the  edges  of  flakes.  Both  the 
particles  of  carbon  and  scales  oE  biotite  are  concentrated  more  thickly  aronnd  the  per- 
il^eiy  of  a  chiastolite-blade,  and  there  render  the  thin  section  darkest;  black  layers, 
linear  in  cross-section,  are  also  sometimes  deposited  in  the  cleavage  fissures  of  the  min- 
eral. The  colorless  to  yellowish- white  grains  of  the  altered  chiastolite  crystals,  and  the 
similar  narrow  blades  of  the  gronnd-mass  should  probably  be  referred  to  iremolite. 
These  blades  are  generally  0.002  to  0.003  mm.  in  width,  varying  from  0.0008  to  0.088 
mm.;  and  in  lengtii,  generally  0.05  mm.,  varying  from  0.004  to  0.266  mm.  The 
mineral  polarizes  like  tremolite  in  a  lively  way,  with  bright  crimson,  brownish-red,  yel- 
lowish, and  bluish-green  colors.  In  those  chiastolite-crystals  which  are  completely 
altered,  the  material  has  a  fibrous  or  thready  structare,  parallel  to  the  prism.  Minute 
sub-angular  granules,  0.002  to  0.005  mm.  in  diameter,  apparently  of  tremolite,  are 
also  everywhere  distributed  through  the  ground-mass.  Isolated,  sharply  defined  scales 
of  light-bluish-green  ehloriU^  of  hexagonal  form,  with  barely  perceptible  dichroism, 
0.03  to  0.04  mm.  in  diameter,  may  occasionally  be  distinguished  in  the  ground-mass. 
Their  color  passes  into  a  brownish-red  tinge  toward  the  edges,  by  ochreous  alteration. 
The  dear,  colorless  or  yellowish  material  which  is  diffused  as  a  cement  in  large  quantity 
through  the  confused  net- work  of  the  other  minerals,  and  is  never  individualized  in  dis- 
tinct forms,  may  be  referred  to  sericite.  In  certain  spots,  between  the  tremolite-biades, 
dear  grains  may  be  distinguished,  of  almost  pure  seridte.  Its  inclusions  (X925)  consist 
of  colorless  granules  and  blades  of  tremolite,  the  black  partides  of  carbon,  scales  of 
bluish  chlorite,  delicate  films  and  partides  of  brownish-red  ochres  and  blood-red  to 
brownish-red,  non-dichroitic,  angular  scales  of  g5thito.  At  +,  the  mineral  either  re- 
mains dark  in  places  or  polarizes  feebly,  and  is  stippled  with  minute  spots  (X170) 
of  a  slight  tinge  of  greenish-blue,  revealing  the  constituent  scales;  and,  on  rotation  of 
the  section,  the  usual  phenomena  of  aggregate  polarization  are  displayed.  From  the 
powdered  rock,  a  very  few  particles  of  magnetite  may  be  separated  by  the  magnet. 

On  ignition,  the  powdered  rock  assumes  a  yellowish-brown  color,  and  loses  4.71  per 
cent,  of  its  weight  In  regard  to  the  chiastolite-ciystals  in  this  rock,  it  may  be  con- 
dnded  that  their  central  impurities  are  not  merely  indusions  during  crystallization,  as 
often  supposed,  but  perhaps,  at  least  in  the  highly-altered  crystals,  the  result  of  their 
progressive  alteration.  This  rock  strongly  resembles  the  *'  chiastolite-schist "  of  Gefrees 
(Fiditdgebirge,  Bavaria),  but  differs  in  the  presence  of  biotite,  the  far  greater  abun- 
dance of  carbon,  and  somewhat  in  the  inclusions  and  mode  of  alteration  of  the 
diiastolite-crystab;  in  the  Gefrees-schist  the  generally  parallel  arrangement  of  the  oon- 
stitaents  in  the  ground-mass  (lamination)  appears  more  regular  and  dedded,  and  the 
tremolite  is  present  in  round  and  elliptical  fibrous  grains,  and  in  shorter  needles.  On 
the  other  hanl,  the  chiastolitic  clay-slate  of  Lancaster,  Massachusetts,  is  very  similar, 
containing  biotite  in  the  same  abundance  and  distribution;  but  it  differs  from  the  present 
rock  in  the  entirely  macroscopic  size  of  its  chiastolite-crystals,  and  in  the  fibrous  masses 
of  amphibole  distributed  through  the  ground-mass. 

1487.  Dioiyte-Greenstone  Schist  Huronian,  Formation  XIX.  N,  W,  j!^ 
Sec,  lit  T.  4i,  R,  3  W,  Blackish-gray,  minutely  speckled  with  grayish- white.  A  com- 
pact, almost  aphanitic  rock,  traversed  by  irregular  seams,  covered  with  dull  brownish- 
led  and  brownish-yellow,  ochreous  films,  which  suggest  a  schistose  structure.  Streak 
grayish-white,  powder  greenish-gray.  Fracture  (between  the  seams)  rather  even,  in 
part  indinbg  to  sub-conchoidaL  Under  the  loup,  the  rock  appears  to  be  an  intimate, 
intermixture  of  very  minute  partides  of  a  black  shining  mineral  and  of  another  of  gray- 
ish-white  color,  resembling  a  feldspar.    Specific  gravity,  2.87. 

Micrasecph  description.  The  thin-section  of  this  very-fine  grained  rock  presents 
under  bw  powers  a  confused  granular  ground-mass  of  brownish  and  greenish  color 
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with  graniiles  of  opadte  pretty  uniformly  dispersed  and  here  and  there  a  minate  dear 
and  colorless  patch.  With  a  higher  power  (X170)  the  ground-mass  is  resolved  into 
scales  and  blades,  distributed  in  apparent  predominance  through  a  clear,  cobrless, 
brownish  or  yellowish  base,  which  is  represented  in  its  purest  form  by  the  minute  dear 
patches.  The  mineral  of  apparent  predominance,  chlariie,  consists  largely  of  minute 
browmsh-green  scales  and  granules,  in  confused  aggregation,  interspersed  with  an 
irregular  network  of  brownish-green  to  brownish-yellow  blades,  evidently  peeudomor- 
phous  after  actinolite,  running  in  all  directions.  These  blades  are  usually  0.C06  to  0.01, 
rarely  0.02  mm.  in  width,  and  0.02  to  0.11,  sometimes  0.27  mm.  in  length.  There 
are  also  in  different  parts  of  the  thin-section  larger  aggregations  or  homogeneous  scales 
of  bluish-green  chlorite,  feebly  dichroitic  (browmsh-white  or  light  maroon  to  brownish- 
green),  with  very  irregular  but  rounded  outlines.  The  lighter  colored  or  colorless  forms 
of  the  mineral  are  non-dichroitic.  The  dear  base  appears  to  consist  of  seridts,  perme- 
ating the  interstices  of  the  chlorite,  and,  at  rare  intervals,  Iprming  the  dear  patches  of 
0.06  to  0.15  mm.  in  diameter.  The  chief  and  abundant  inclusion  consists  of  minute 
scales  of  chlorite,  often  circular  or  elliptical,  in  which  the  delicate  line,  oft^n  seen  along 
the  rim,  and  curved  lines  within  it,  seem  to  denote  minute  wrinkles  (probably  produced 
by  contraction,  from  moimting  in  hot  balsam).  Other  inclusions  are  needles  of  adifUh 
lite,  often  with  good  pointed  terminations,  down  to  microliths  barely  distbguishabte, 
and  partides  of  ochre.  Even  in  ordinary  light,  but  far  more  dearly  at  + ,  certain  grains 
are  prominent  with  rectangular  outlines  and  fibrous  texture  in  direction  of  length,  often 
0.04  by  0.19  mm.,  blmsh- white  to  bluish-gray,  sometimes  yellowish- white  to  light 
maroon,  and  occasionally  greenish-blue;  these  denote  the  forms  of  the  original  crystals 
of  f  ddspar.  Some  of  the  patches  are  dark,  between  the  crossed  nicols,  and  on  rotation 
of  the  stage,  an  irregular  stippling  of  the  foregoing  colors  takes  place,  revealing  the 
constituent  scales  of  the  seridte.  An  analysis  of  this  rock  is  likdy  to  show  an  absence 
or  very  small  content  of  the  alkalies.  Small  elongated  and  opaque  grains  are  strewn 
over  the  thin-section,  each  of  which,  on  examination  by  reflected  light,  is  found  to  con- 
sist of  a  minute  glittering  core  of  steel-yellow  pyrite,  enveloped  by  an  opaque  layer  of 
limoniu}  Their  forms  are  angular,  but  very  irregultir,  and  their  diameters  vary  from 
0.007  to  0.06  mm.  Delicate  ochreous  fringes  generally  surround  them,  and  also  pene- 
trate the  interstices  of  the  adjacent  granules  of  chloilte,  occasionally  in  the  form  of 
blood-red  grains.  Prom  the  pulverized  rock,  the  magnet  also  separates  a  fow  partides 
of  magnetite. 

On  ignition,  the  pulverized  rock  assumes  a  reddish-brown  color,  and  loses  1.83  per 
cent  of  its  weight  The  confused  fine-grained  ground-mass  of  this  rock,  and  the  com- 
plete alteration  of  the  origmal  hornblende  into  chlorite  are  of  very  common  occurrence 
in  American  greenstones.  The  further  alteration  of  the  plagiodase  almost  completely 
into  seridte  of  a  brownish  tinge  also  occurs  in  a  greenstone,  almost  identical  in  appear- 
ance and  constitution,  from  the  vicinity  of  Greensboro,  North  Carolina. 

2001.  Magnetitio  Mica-Schist.  Hurokian,  Forhation  XXI.  S,  W.  qr.  See.  2, 
r.  a^  R.  3  W,  Reddish-gray  and  dull.  A  compact,  aphanitic  rock,  with  somewhat  un- 
even fracture  and  apparently  an  imperfect  schistose  structure.  Streak  grayish-white, 
powder  fawn-odored.  Hardness  about  6.  Under  the  loup,  it  exhibits  a  small  amount 
of  very  minute  glistening  light-brownish  scales,  distributed  through  a  predominant 
brownish  ground-mass,  apparently  fddspar.  A  fow  fissures  and  seams  occur,  covered 
with  browniih-yellow  ochreous  films  and  larger  scales  of  the  mica.  Weathers  to  a  black- 
ish-giay  smooth  surfooe.    Spedfic  gravity,  2.67.    Loss  on  ignition,  1.91  per  cent 

MicroBcopic  description.  This  rock  resembles  1429,  but  its  thin  section  reveab  an 
inferior  content  of  magnetite,  which  is  also  indicated  by  the  lower  specific  gravity, 

I A  Qommon  form  of  mtcroscapio  ptendonoipk  eltewh«r«. 
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lighter  color,  and  BtQl  smaller  quantity  of  magnetite  taken  np  from  its  powder  by  the 
magnet  Quartz  appears  to  constitute  the  clear,  colorless,  and,  in  ordinary  light,  ap- 
parently homogeneous  ground-mass,  generally  predominating  in  quantity  over  the  bio- 
tite.  It  is  also  isolated  in  patches  larger  than  those  of  1429  and  also  clearer,  the  few 
inclusions  consisting  of  tiny  colorless  rounded  scales;  in  size,  these  patches  vary  from 
0.07  to  0.11  mm.  across,  in  one  case  0.75  by  1.45  mm.  In  polarized  Ught  (the  granules 
being  larger  than  those  of  1429  and  the  section  a  little  thicker)  it  polarizes  decidedly, 
yellowish-white  or  greenish- white,  by  blue,  to  brownish  or  dark,  or  sometimes  from 
greenish-blue  to  brown  and  dark;  at  + ,  dark-gray  or  the  colors  just  mentioned.  Crys- 
stals  and  grains  of  amphtbole,  and  sometimes  perhaps  of  feldspar  appear  to  be  repre- 
sented by  occasional  rectangular  or  rhombic  patches,  clear  and  colorless  (clearer  and 
whiter  than  the  quartz  of  the  ground-mass),  which  sometimes  also  retain  traces  of  cleav- 
age lines  in  one  or  two  directions,  and  even  a  fibrous  texture.  They  polarize  brilliantly 
with  a  net- work  of  bluish-green  and  crimison  colors,  and  appear  to  consist  of  tremolite. 
In  diameter  they  vary  from  0.09  to  0.15  mm.  Their  inclusions  are  few,  viz.,  granules  of 
magnetite  and  minute  liquid-inclusions  (X800),  with  circular  or  elliptical  sections.  The 
clear  and  rounded  patches  in  the  ground-mass,  already  described,  appear  to  offer  a  con- 
dition of  more  complete  alteration.  Biotite  is  very  abundant  in  sharply  defined  scales 
and  blades,  of  a  slaty-gray,  brownish  yellow,  and  maroon  color,  deeper  than  in  1429. 
The  scales  have  an  irregular  but  rounded  to  sub-angular  form,  and  an  average  diame- 
ter a  little  greater  than  in  the  other  rock,  0.03  mm.  (0.006  to  0.12  mm.),  and  when 
very  small  generally  possess  a  pale  brownish-yellow  tint  to  colorless;  they  usually  dis- 
play strong  dichroism  and  absorption,  even  in  the  colorless  scales,  changing  on  rota- 
tion to  deeper  shades  of  maroon  or  to  opacity;  in  polarized  light,  at  -I-,  they  display 
lively  colors.  The  blades  are  rare,  rectangular  in  section  (often  slender  needles  have  bei  n 
produced  by  separation  from  larger  scales),  and  display  little  or  no  dichroism  and  feeble 
polarization.  Other  similar  scales,  apparently  blades,  are  cross-sections  of  the  scales 
O.006  to  0.01  mm.  in  width  and  0.06  to  0.09  mm.  in  length,  and  are  distinguished 
from  the  former  by  their  striation  and  powerful  absorption.  Many  of  the  larger  scales 
of  biotite  suggest,  by  their  form  and  fissuring,  that  there  were  originally  large  leaves  of 
the  mineral  in  this  rock,  whose  disintegration,  probably  by  motion  of  the  mass  in  a  pasty 
condition,  has  produced  the  present  tiny  scales.  Some  of  the  smaller  scales  appear  to 
have  experienced  an  ochreous  alteration,  and  to  this  may  also  be  referred  a  few  large 
patches  or  films,  in  one  case  0.66  mm.  in  diameter,  varying  in  color  from  yellow  to 
brownish-orange,  minutely  granular  and  non-dichroitic.  A  few  of  the  slender  colorless 
to  yellowish- white  blades  and  granules  in  the  ground-mass  resemble  tremolite,  m  form 
and  polarizing  pro{)erty.  They  are  mostiy  gathered  in  the  dear  patches  which  seem  to 
mark  the  position  of  former  large  blades  of  hornblende.  Black  and  opaque  hexagonal 
scales,  apparentiyof  hematite,  are  abundantiy  distributed  through  the  ground-mass, 
averaging  about  0.018  mm.  in  diameter.  Also  smaller  granules  and  particles,  of  which 
those  with  square  cross-sections  probably  denote  the  magnetite,  which,  in  very  small 
qmintity,  may  be  separated  by  the  magnet  from  the  finely  pulverized  rock.  The 
smaller  granules  are  often  included  in  the  scales  of  biotite,  sometimes  gathered  in 
groups,  and  somewhat  concentrated  within  and  around  the  borders  of  the  dear  patches 
in  the  ground-mass.  In  refiected  light  many  of  these  latter  display  sparkling  whitish 
surfaces  which  may  denote  partides  of  pyrite, 

12.  Chrysolitlc  Diabase.  Kewesnawan.  Northeast  quarter  Sec,  31,  Town  45, 
Range  2  West.  Brownish-gray  speckled  vnth  brownish-red.  A  somewhat  decomposed 
and  friable  rock,  resembling  but  coarser  than  the  similar  rock  No.  84,  chiefly  made 
up  of  brownish-red  plagioclase-feldspar,  in  facets  sometimes  half-an-inch  across  and 
not  infrequenUy  striated,  but  with  lustre  and  translucency  less  than  that  of  the 
latter  rock.    Ck>ar8e  grains  of  black  augite,  with  high  lustre  on  fracture,  may  also 
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be  distinguished.  Fracture  yery  uneyen.  Powder  gnreenish-white.  Weathere  to  a 
depth  of  about  ^  inch  to  a  light  brownish-gray,  speckled  and  roughened  by  prelecting 
ciystals  and  thin  plates  of  magnetite.    Specific  grayity,  2.81. 

Microscopic  description.  The  coarse  texture  of  the  thin-section  at  once  reyeals  to  the 
eye  that  the  feldspars  largely  predominate  in  quantity,  and  under  a  low  power  in  polar- 
ized lighti  that  they  consist  chiefly  of  labradorite,  with  a  smaller  amount  of  orthodase. 
The  labradorite  occurs  in  sharply  defined  and  distinct  crystals,  quite  dear  and  colorless, 
with  twin  lamellation  (striation)  plainly  and  often  strongly  marked  in  ordinary  light, 
and  with  their  terminations  and  angles  sometimes  sharp  and  sometimes  gracefully 
rounded.  Under  suffidently  high  power  (X  140),  many  indusions  are  obsenred,  yiz: 
greenish  yiridite,  as  films  and  scales  in  the  fissures,  as  narrow  ribbons  across  the  dear 
fields,  and  many  nearly  colorless  and  generally  disseminated  minute  scales  and  grains; 
brownish  biotite,  in  delicate  scales  between  the  grains;  magnetite,  in  tiny  black  gran- 
ules; and  colorless  taJc  in  abundant  short  blades  and  minute  fragmentary  granules,  in 
the  dose  yidnity  of  the  oliyme  grains.  In  polarized  light,  at  +,  the  usual  magnifi- 
cent lineation  (twin-lamellation)  of  labradorite  is  displayed,  with  the  greatest  yaiiety 
in  the  width  and  alternation  of  the  bands  of  brilliant  colors.  Orlhoclast^  occurs  in  a 
few  distinct  but  small  grains,  also  as  bands  interlaminated  with  plagioclase,  sometimes 
exhibiting  the  characteristic  comb-like  markings  and  generally  good  deayage,  at  least 
in  one  direction.  A  yery  conmion  and  interesting  indusion  consists  of  small  colorless 
needles,  apparently  of  plagioclase  (X  l'»5  to  800),  which  appear  dark  or  opaque  at  low 
powers  and  impart  a  doudy  appearance  to  many  of  the  orthoclase-grains.  They  yary 
greatly  in  length  from  short  microliths  to  long  needles,  and  lie  mostly  parallel  to  the 
cleayagc-lines  of  the  feldspar.  The  terminations  are  generally  sharply  defined,  and  ap- 
pear, in  cross  section,  as  minute  spots  (X  1000  to  2550)  of  rhombic,  square,  or  redangu- 
lar  form,  and  0.008  to  0.027  mm.  in  diameter.  Commonly  a  long  needle  is  not  found 
to  be  continuous,  but  consists  of  beads  or  short  rods;  120  were  counted  in  a  single  needle, 
lying  at  yarious  interyals  and  in  the  same  line;  they  suggest,  not  the  fragments  of  a  dis- 
jointed needle,  nor  its  partial  removal  by  subsequent  solution,  but  rather  a  development 
from  material  insuffident  in  quantity  for  their  growth. 

Auffite  is  the  chief  constituant  aftar  tha  faldipara,  in  irregular  masses  of  brownish 
white  to  brownish-gray  color,  non-dichroitic,  w»th  a  strongly  marked  prismatic  deavage 
(even  fibrous,  like  diallage,  in  some  places);*  another  less  distinct  cross-deavage  at 
right-angles  to  the  first,  and  a  third  still  more  indistinct  and  oblique.  All  these  deav- 
ages  are  beautifully  accentuated  by  the  abundant  opaque  indusions,  occupying  short 
fissures,  and  the  common  direction  of  the  deavages  in  different  grains  shows  that  tkoy 
are  but  parts,  sliced  by  the  thin-secUon,  of  a  single  mass,  which  occupies  the  interstices 
of  the  feldspar-grains,  and  therefore  is  later  in  origin  than  the  latter.  These  grains  are 
0.5  to  1 .0  mm.  in  width,  and  sometimes  2  to  8  or  10  mm.  in  length,  and  are  also  trav- 
ersed by  irregular  wide  fissures  filled  with  opaque  substance.  Many  indusions  are 
dispersed  through  the  augite,  viz.,  granules  of  yiridite,  magnetite,  and  filmy  scales  of 
biotite.    Much  of  the  augite  shows  more  or  less  alteration.    First,  it  assumes  a  greenish 

litis  well  known  that  simple  crystals  of  a  plagioclase,  when  cut  nearly  pat  all  el  to  the  brachy- 
pinacoid,  present  monochromatic  areas  between  the  crossed  nicols,  which  may  Tory  easUy  cause 
them  to  be  mistaken  for  a  monoclinic  feldspar.  Botenbosch  calls  attention  to  the  possibUity  of 
this  mistake  in  examinations  of  gabbro  (Mikr.  phys.  d.  mass.  Gest.  460),  bat  still  admits  the  pres- 
ence of  orthotomic  feldspar  in  two  Italian  gabbros  (op.  cit.  468);  Zirkel,  Batley,  etc,  also  And  or- 
thoclase  in  the  Korytes  of  Sweden,  etc  In  the  absence  of  confirmation  of  its  presence  in  the 
chrysolitic  diabase  (or  gabbro)  of  Wisconsin  by  chemical  or  other  means,  I  only  intend  to  state 
that  certain  feldspathic  grains,  subordinate  in  amount  to  those  which  are  distinctly  tridlnic,  often 
present  the  optical  phenomena  most  commonly  attendant  upon  the  monoclinic  feldspar:  such  as 
cross-hatching,  depolarlsation  in  complementary  colors  on  either  side  of  the  median  dl visional 
plane  through  a  twin,  saturation  to  cloudiness  by  Included  microliths  of  a  plagioclase  feldspar,  etc 

*H.  Bosenbnseh:  Mlkroskopische  Physiographie  der  masslgen  Gesteine,  p.  86L 
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shade,  with  numeroos  iiregular  short  cracks,  indistinct  deayage,  and  roughened  surface 
dike  that  of  olivine);  at  +,  the  distinction  between  the  two  yarieties  is  yery  marked, 
the  unaltered  augite  being  usually  trayersed  by  stripes  of  color  coincident  with  the 
deayage,  while,  beyond  a  sharp  line,  the  altered  mineral  displays  a  uniform  sheet  of 
bright  color.  Secondly,  the  altered  mineral  passes  insensibly  into  a  confused  field  of 
viridite,  loses  the  fibrous  structure,  but  retains  the  stronger  deayage-lines,  becomes 
greenish- white  to  colorless,  and  is  filled  with  granules  of  magnetite.  Or,  it  is  surrounded 
by  a  similar  border  of  yiridite,  with  the  magnetite  granules  gathered  along  the  orig^al 
deayage-lines  or  in  an  irregular  band  of  ragged  grains  along  the  outlines.  A  similar 
passage  into  biotite  may  be  also  observed.  Viridite  is  a  common  constituent,  in  small 
quantity  (probably  in  part  only  a  form  of  biotite),  generally  greenish-white  and  with  a 
watery  appearance,  sometimes  bluish-green,  and  generally,  but  not  always,  more  or  less 
dichroitic  It  occurs  in  broad  scales,  deep-colored,  in  the  vicinity  of  the  augite,  in  long 
filmy  bands  traversing  the  feldspars,  and  in  granules  disseminated,  generally  in  the 
vicinity  of  the  augite,  as  a  greenish  to  colorless  dust  or  doud.  Sometimes  a  delicately 
fibrous  or  thready  texture  is  presented,  probably  by  the  edges  of  the  leafy  scales.  Its 
common  indusion  is  magnetite,  in  granules  or  dust. 

Chrysolite  (olivine)  is  commonly  distributed  through  the  grains  of  augite,  or  some- 
times in  the  feldspar  in  its  vicinity,  in  rounded  grains,  generally  elongated  or  elliptical, 
and  sometimes  hexagonal  in  section  when  small.  The  m^'or  axis  is  from  two  to  six 
times  the  length  of  the  minor,  the  former  varying  from  0.49  to  1.33  mm.,  and  the 
latter  from  0. 10  to  6.26  mm.  The  mineral  is  dear  and  colorless  (and  so  distinguishable 
from  the  brownish  augite  when  unaltered),  with  the  delicately  roughened  surface  charac- 
teristic of  olivine,  often  displaying  an  imperfect  deavage  by  short  parallel  fissures,  and  is 
generaUy  traversed  by  more  irregular  and  strongly  marked  cracks,  often  nearly  at  right- 
angles;  in  polarized  light  displays  the  brilliant  chromatic  polarization,  with  hvely  colors, 
from  maroon  at  +  to  yellowish  and  to  bright  bluish-green,  on  rotation  of  either  nicol, 
but  in  some  grains  the  polarization  is  not  so  brilliant  or  is  more  irregularly  stippled. 

The  grains  are  almost  always  more  or  less  altered,  at  least  superficially  or  along  the 
cracks — never  into  serpentine,  as  commonly  described  in  the  literature  of  lithology,  but 
by  a  mode  of  alteration,  I  believe,  new  to  the  sdence — into  biotite^  viridite  and  talc. 
Sometimes  there  are  strongly-marked  veins,  consisting  of  the  greenish  mineral  (yiridite), 
sometimes  of  brownish-yellow  to  brownish-red  biotite,  together  with  abundant  granules 
of  magnetite.  Agam,  one  side  of  a  grain,  or  an  entire  grain  is  altered  into  biotite, 
which,  where  it  happens  to  have  been  sliced  in  cross-section,  presents  the  usual  strong 
dichroism  and  the  striation  from  side  to  side,  without  regard  to  the  structure  of  the 
original  olivine;  this  also  is  dotted  with  magnetite,  and  the  contour  of  the  grain  is  also 
sometimes  marked  by  a  thin  laminated  layer  of  dichroitic  viridite.  Again,  a  thin 
grayish- white,  often  cloudy,  crystalline  crust,  generally  0.11  mm.  in  thickness,  either 
forms  a  lining  to  one  side  of  an  olivine-grain  (or  a(^'acent  angles  of  augite)  or  even 
completely  envdops  the  smaller  grains;  it  is  made  up  of  thin,  delicate,  wavy  scales 
(Xl70)  perpendicular  to  the  encrusted  surface,  and  consists  of  a  colorless  glassy  mineral, 
with  aggregate  polarization  between  the  nicols,  and  the  changes  of  color  on  their  rotation 
(yellowish-  white  to  light  maroon)  which  identify  it  with  talc.  An  interesting  illustration 
of  the  expansive  force  of  crystallization  is  exhibited  in  some  of  the  olivine-grains  (and 
represented  in  Fig.  1,  Plate  XXII)  by  a  rupture  of  the  talc  crust  at  one  point  or  at  several 
along  the  edges  of  lamination  of  the  biotite.  The  outline  of  the  talc-crust  represents 
the  crystalline  contour  of  the  olivine-grain  and  was  evidently  the  first  formed.  At 
certain  points  fragments  are  sharply  broken  off  and  projected  and  even  disintegrated 
into  scattered  scales,  between  which  the  pomted  edges  of  the  laminsB  of  biotite  are 
thrust  forward  from  the  mass  within  the  grain.  In  the  sketch  (Fig.  1,  Plate  XXII) 
three  altered  grains  of  olivine  are  represented  near  the  edge  of  the  thin  section  and 
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enclosed  in  feldspar.  The  upper  one  consists  of  a  core  of  biotite  and  surrounding  shell, 
of  talc,  the  latter  simply  fractured  on  its  upper  edge,  at  a.  The  two  lower  grains  ex- 
hibit the  projection  of  the  biotite  laminsB  through  the  shell  of  talc  to  the  right  hand  at 
h  and  c  {along  the  plane  of  easiest  fracture— the  cleavage-plane  of  the  feldspar).  The 
lower  grain  also  retains  much  unaltered  olivine,  traversed  by  the  usual  ochreous  veins, 
only  partially  converted  into  biotite  in  the  upper  comer  near  the  point  of  rupture  in  the 
talc-shell.  The  mode  of  alteration  thus  suggested  consists,  first,  of  the  attack  on  the 
olivine-grain  by  simple  atmospheric  waters,  the  removal  of  the  iron  constituent  (possibly 
as  carbonate)  and  its  deposit  as  ochre  within  the  cracks  of  the  olivine,  and  the  re-crys- 
tallization of  the  remaining  constituents  in  the  form  of  the  envelope  of  talc — the  sub- 
sequent permeation  of  the  interior  by  alkaline  solutions,  probably  derived  from  the 
decomposition  of  the  surrounding  feldspars — the  gradual  conversion  of  the  olivine-core 
into  biotite,  with  an  accumulating  force  of  expansion  outwards  and  a  final  rupture  of 
the  crust  In  one  grain  (in  another  part  of  the  thin-section)  there  has  been  apparently 
an  alternation  of  these  processes,  as  the  core  of  the  crystal,  chiefly  biotite,  is  on  one 
side  enclosed,  first,  by  a  thin  layer  of  talc,  then  of  biotite,  and  finally  of  talc— the  latter 
ruptured  at  several  points. 

The  biotite  presents  a  yellowish-brown  color  with  little  or  no  dichroism,  when  its  leaves 
lie  in  the  plane  of  the  thin-section;  in  cross-section  it  is  mostly  brownish-yellow  and 
clear,  striated,  and  with  powerful  dichroism  and  absorption;  often  alsd  of  greenish 
shades,  but  distinguished  from  true  viridite  by  its  dichroism  and  striation.  Besides  its 
occupation  of  the  olivine  grains,  it  is  found  in  minute  isolated  hexagonal  scales  or  long 
filmy  bands  in  the  interstices  of  the  feldspar  grains.  Its  few  inclusions  consist  chiefly 
of  granules  of  magnetite.  In  size  its  scales  vary  from  0.05  to  0.42  mm.  Mctgnetite  is 
distributed  through  all  the  minerals  in  granules  or  dust,  rarely  1  mm.  in  diameter, 
especially  in  the  viridite,  with  which  it  appears  to  have  had  a  contemporaneous  origm, 
during  the  alteration  of  the  augite.  In  many  grains  of  the  latter  mineral  the  prismatic 
deavago  is  emphasized  at  equally  distant  planes,  by  dusty  layers  of  magnetite  and 
ochre,  which  also  are  lined,  as  in  a  comb -like  arrangement,  on  either  side,  by  short  pro- 
jections in  the  plane  i-i.  Ochre  is  commonly  disseminated  in  small  quantity  in  brownish- 
red  and  brownish-yellow  particles  through  the  other  minerals,  imparting  its  color  — 
especially  in  films  through  the  cleavage-planes,  or  gathered  in  numerous  clouds  among 
the  congeries  of  viridite -granules.  The  talc  encrusts  not  only  the  olivine  grains  but 
a(|jacent  surfaces  and  angles  of  the  augite.  In  the  latter  case  the  plates  are  irenerally 
flat,  but,  on  the  olivine-grains,  more  or  less  curved  and  wrinkled,  always  inclining 
toward  the  nearest  point  of  rupture,  and  evidently  bent  by  the  same  force. 

On  ignition  of  the  powdered  rock,  it  assumes  a  yellowish-brown  color  (probably  by 
absorption  of  oxygen)  and  loses  0.80  per  cent.,  which  may  be  taken  as  an  approximate 
indication  of  the  amount  of  water  represented  by  the  hydrated  minerals,  viridite,  talc, 
and  ochre.  The  order  of  succession,  in  which  the  several  minerals  have  crystallized  out, 
seems  to  have  been  as  follows:  olivine,  orthodase,  labradorite,  olivine  and  augite,  talc, 
viridite  and  magnetite,  biotite,  and  ochre.  So  &ir  as  Amencan  lithology  is  concerned, 
this  appear^  to  ba,  with  one  exception,  the  first  publbhod  observation  of  a  rock  of  this 
class,  in  &tct  everywhere  of  rare  occurrence.  But  in  Sweden,  at  Asbyn,  Elfsalen,  occurs 
an  "  olivine-diabase ''  containing  exactly  the  sam3  minerals  and  with  th3  same  p3culiar 
alteration  of  the  olivine  gr^s  into  biotite.  The  latter  rock  differs  from  this,  however, 
in  the  general  cloudiness  of  the  feldspars  and  in  the  occurrence  of  the  talc  in  large  hex- 
agonal and  dear  plates.  The  frequent  tendency  of  the  augite  to  a  fibrous  structure, 
wine-colored  tint,  and  feeble  dichroism,  suggests  the  process  of  alteration  into  diallage, 
to  which  the  latter  mineral  probably  always  owes  its  origin,'  and  it  is  possible  that  here, 

>  O.  Biscbofl;  Lehrbooh  der  chemltchea  and  pbytlkulUchen  Geologie,  II,  6S1,  1866.  F.  ZirkeU 
Lehrbach  der  Petrogrftphie,  II,  113. 
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as  apparently  in  Sweden,  there  may  yet  be  found  a  petro^rrapbical  transition  into  and 
asaodation  with  the  "  oHvine-gabbros,"  if  not  with  the  norytes  so  common  in  the  lau- 
rentian  terranes  of  this  continent.  The  exception,  to  which  reference  has  just  been 
made,  is  the  similar  chrysolitic  doleryte  and  diabase,  rich  in  labradorite,  pyroxene,  and 
olivine,  with  a  littie  biotite  and  magnetite  enclosing  metallic  iron,  from  Dog  river  and 
Ossipee,  New  Hampshire.  But  there  are  marked  differences,  especially  of  alteration,  in 
the  presence  of  augite  and  orthodase,  the  passage  of  the  olivine  into  biotite  and  talc, 
etc.,  in  the  rock  of  Wissonain,  and,  on  the  other  hand,  in  the  abundance  of  viridite  and 
of  the  anamesitic  ground-mais  in  the  New  Hampshire  variety.* 

84.  Chrysolitic  Diabase.  Keweenawak.  Outlet  of  Bladder  lake.  Sec.  11,  T 
44,  R,  4  W.  Blackish-gray,  coarsely  speckled  with  grayish-white.  A  compact  rock  of 
medium  grain,  which  appears  to  the  eye  to  be  chiefly  made  up  of  a  gray  to  grayish- 
white,  almost  glassy  feldspar,  in  small  plates  with  fine  cleavage,  lustre,  and  sometimes 
striation,  lying  in  all  planes.  Especially  with  the  help  of  the  loup,  the  augite  may  be 
distinguished  as  in  12,  and  also  more  minute  grains  of  magnetite.  Weathers  like 
12,  to  a  light  brown  color,  showing  particles  of  ochre  on  edges  of  fracture.  Specific 
gravity,  2.92. 

Microscopic  description.  The  chief  characteristics  are  identical  with  those  of  the 
other  rock,  and  attention  will  be  called  only  to  the  points  of  difference.  Labradorite 
predominates  as  in  the  other  rock,  but  in  rather  coarser  plates,  which  usually  vary  in 
width  from  0.35  to  0.69  mm.  and  in  length  fiom  0.52  to  4.0  mm.  Inclusions  as  in  the 
other  rock,  with  the  exception  of  talc;  and  a  few  black  needles  like  those  in  the  orthodase 
were  observed,  also  a  few  short  colorless  microliths  which  may  be  apatite  (?),  and  a  very 
few  gas-cavities.  Orthodase  *  occurs  much  more  abundantiy  than  in  the  other  rock,  in 
rather  large  grains,  oftan  of  rounded  oattines,  and  sometimes  in  crystals.  One  large  crys- 
tal measured  1.26  mm.  in  width  by  4.91  mm.  in  length.  It  is  sometimes  dear  and 
colorless,  with  fine  eleavage-lines  in  one  direction  and  occasionally  more  faintly  marked 
in  another;  but  in  general  it  may  be  distinguished  from  the  dear  and  glassy  labradorite 
sections  by  its  doud  of  inclusions  (except  around  the  margin  of  the  grain),  viz. :  short 
minute  needles  of  plagiodase,  arranged  mosUy  parallel  to  the  strongest  deavage-lines, 
but  in  part  irregularly  or  parallel  to  another  deavage.  Other  indusions,  fax  less  abundant, 
are  particles  of  ochre,  striated  rods  of  labradorite,  wine-colored  scales  of  biotite,  gnuns  of 
magnetite,  and  black  arborescent  films  of  pyrolusite  along  the  deavage-planes.  In  polar- 
ized light,  passes  from  yellow  or  straw-colored  to  greenish-blue  and  to  shades  of  brownish- 
red  or  maroon,  and  often  shows  twinning,  interlamination  with  labradorite,  and  the  pre- 
dominance of  one  or  the  other  feldspar  on  either  side  of  a  twin;  the  labradorite  also  often 
appears  to  envelop  an  irregular  grain  of  orthodase  as  a  nucleus.  The  plagiodase 
needles  above  mentioned  lie,  in  some  grains,  all  in  the  plane  of  the  thin-section  with 
their  full  leugth  and  both  terminations  displayed;  in  others,  they  have  all  been  sliced 
obliquely  by  the  section,  and  in  others  again,  they  are  nearly  all  seen  in  cross-section. 
They  vary  in  width  from  0.002  to  0.018  mm.,  and  in  length  from  0.002  or  less  up  to  0.11 
mm.  Their  terminations  at  either  end  always  exhibit  a  perfect  crystalline  form,  some- 
what pointed,  whether  the  needle  is  short  or  long.  Most  of  the  needles  in  some  grains, 
are  dark  and  opaque,  even  at  magnifying  powers  of  1,000  to  1,500  diameters,  apparentiy 
in  part  on  account  of  their  small  size,  since  the  larger  needles  are  invariably  the  dearer. 
Still  it  appears  from  a  study  of  both  cross  and  longitudinal  sections  that  in  this  rock 
they  consist  of  two  materials,  the  one  clear,  colorless  and  predominate — plagiodase, 
and  the  other  of  a  reddish  color  and  in  small  quantity,  ochre.    Often  a  needle  possesses 

>  Am.  Jonr.  Scl.  XIII,  34, 1877. —O.  W.  Hawes.    Ills  tall  description  of  this  interesting  rock  may 
be  seen  in  Vol.  II  of  the  Beport  of  the  State  Oeo!ogIcal  Sanrey  of  New  Hampshire. 
*  See  foot  note  on  page  834. 
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the  jointed  stractcire,  as  with  those  of  12,  or  is  made  up  of  spherdites  aboat  0.002 
mm.  in  diameter,  so  that  its  sides  and  terminations  are  irregular.  The  ochre  often 
oocoTB  as  minute  films  between  the  component  spherulites,  especially  near  the  middle 
of  a  needle,  and  so  accentuates  its  jointed  structure;  or  it  appears  both  in  the  longi- 
tudinal and  cross-sections  to  occupy  a  central  core  along  the  needle,  possibly  an  optical 
deception;  or  it  appears  in  a  diffused  form,  imparting  a  reddish  tint,  t.  e.,  probably 
in  particles  irregularly  disposed  and  too  minute  to  be  resolved  by  the  powers  em- 
ployed. The  augile  occurs  in  brownish  to  wine-colored  grains,  from  0.52  to  2.97  nun. 
in  length,  with  the  fibrous  deavage  rather  more  distinct  than  in  12,  with  some- 
times a  weak  dichroism  (X 170) — light  wine-colored  to  greenish-yellow  —  and  with  the 
same  method  of  alteration  as  in  the  other  rock,  into  viridite  and  biotite,  and  with  similar 
inclusions,  with  perhaps  the  addition  of  ragged  granules  of  pyrolusite.  Rectangular 
sections  of  labradorite  crystals  may  in  both  rocks  be  often  observed  completely  enclosed 
in  augite.  Vindite  is  inconspicuous,  but  with  the  same  mode  of  occurrence  as  in  the 
preceding  rock,  and  exhibiting  the  same  genetic  relationship  to  biotite,  both  by  intimate 
association  and  actually  observed  transition.  Olivine  in  this  rock  (at  least  so  far  as 
shown  by  the  two  thin-sections  studied)  occurs  only  as  rounded  grains.  Its  general 
characteristics  are  the  same  as  in  the  preceding  rock.  But  in  polarized  light  it  rarely 
displays  the  characteristic  chromatic  polarization,  but  mostly  an  alteration  of  its  optical 
constitution  which  produces  a  feeble  polarization  at  +,  with  tints  of  slate-color  and 
yellowish- white.  Nor  are  its  alteration-products  exactly  the  same  as  in  the  former  rock. 
Talc  is  nowhere  observed,  and  the  dark  material,  deep  brownish-red  to  opaque,  which 
traverses  the  grains  in  veins  or  envelopes  them  with  a  fringe,  seems  in  part  to  be  an 
ochreous  biotite,  where  it  shows  dichroism  or  at  least  absorption  by  differences  in  depth 
of  the  reddish  tint,  but  in  large  part  simple  ochre.  From  the  augitic  magma  which 
occupied  the  interstices  of  the  feldspar  during  the  solidification  of  these  rocks,  the  ciys- 
tallization  of  the  olivine  evidently  preceded  that  of  the  augite.  Biotite  is  present  in 
somewhat  less  quantity  than  in  the  preceding  rock,  and  is  here  also  certainly  and  en- 
tirely an  after  product.  It  occurs  in  scales,  rarely  hexagonal,  mostly  0.09  to  0.17  mm. 
in  diameter,  and  irregular  films  distributed  through  the  fissures  and  interstices  of  the 
other  minerals,  or  adhering  as  a  fringe,  about  0.05  mm.  in  width,  to  the  grains  of  mag- 
netite, etc.  Magnetite  commonly  occurs  imbedded  in  the  augite,  in  grains  0.03  mm. 
or  less  up  to  3.48  mm.  in  diameter,  with  imperfectly  crystalline  outlines;  also  in  groups  of 
the  smaller  granules,  interspersed  in  feldspar  with  the  viridite  granules.  Its  presence 
was  confirmed  by  its  separation,  by  means  of  a  magnet,  from  the  powdered  rock.  Ochre 
is  chiefly  confined  to  the  veins  and  vicinity  of  the  ohvine-grains,  and  intimately  associ- 
ated with  biotite. 

On  ignition  of  a  weighed  quantity  of  the  powdered  rock,  its  color  changed  to  a  reddish- 
gray  and  it  lost  0.48  per  cent,  in  weight,  confirming  the  microscopic  observations  of  a 
smaller  content  of  the  hydrated  minerals  in  this  rock  than  in  the  preceding  (12).  It  may 
be  remarked  that  the  rock  represented  by  this  and  by  the  preceding  specimen  differs 
widely  from  the  Mesozoic  diabase,  which  forms  so  important  a  feature  in  the  geognosy 
of  the  Appalachians,  in  both  the  nature  and  arrangement  of  its  constituents.  In  the 
latter  rock,  olivine  is  but  an  accessory  and  often  wanting,  and  the  method  and  results 
of  its  alteration,  as  well  as  that  of  augite,  are  quite  different  from  those  in  the  Wiscon- 
sin rock.  Again,  even  in  the  hand  specimen,  and  still  more  distinctly  in  thin-section, 
the  eruptive  diabase  of  the  Mesozoic  always  presents  an  exceedingly  confused  aggre- 
gate of  fractured  minerals,  while  that  of  Wisconsin  is  characterized  by  the  sharp  and 
perfect  outhnesof  its  crystallized  mineraLs  (Fig.  2,  Plate  XXII).  This  latter  character- 
istic is  also  often  found  in  the  metamorphic  diabase  (meta-diabase)  of  the  Appalachian 
belt,  where  it  may  be  considered  to  indicate  gradual  and  uninterrupted  crystallization 
in  repose.—  School  ok  Mu^es,  Columbia  Colleqe,  New  York,  February,  1878, 
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INTRODUCTION, 


It  was  an  open  question,  for  some  time,  as  to  the  best  manner  in 
which  to  present  the  results  of  this  season's  work  to  those  interested 
in  the  future  of  the  Penokee  Eange,  since  it  is  desired  that  the  report 
may  possess  as  much  interest  to  the  practical  man  as  to  the  scientific. 

To  fulfill  these  conditions,  the  following  plan  has  been  adopted: 
First,  to  give  a  'geological  section,  so  far  as  made  out,  of  the  rocks 
across  the  range,  and  to  correlate,  as  near  as  may  be,  its  members  with 
those  of  the  Michigan  series — numbering  the  divisions  to  correspond 
with  those  in  the  Michigan  Geological  Eeport  for  1873  —  then  to  give 
a  detailed  description  of  the  country  gone  over,  referring  whatever 
ledges  of  rocks  were  seen  to  this  geological  section. 

I  deem  it  essential,  however,  to  first  give  a  description  of  the  dipping 
needle  and  dial  compass,  and  how  to  use  them,  since,  as  before  stated, 
many  of  our  most  important  results  are  dependent  on  the  magnetic 
attractions  observed  along  the  range.  In  fact,  were  it  not  for  these 
instruments,  it  would  have  been  quite  impassible  to  trace  the  series 
across  some  of  the  long  covered  areas  of  this  belt. 
Vol.  m.- 16 
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CHAPTER  I. 

DIPPING  NEEDLE  AND    SOLAR   DIAL   COMPASS,  AND 
THE  METHOD  OF  EMPLOYING  THEM. 

As  the  results  obtained  on  the  Penokee  Eange  during  the  season  of 
1876  are,  in  a  large  measure,  due  to  the  use  of  the  dipping  needle  and 
the  dial  compass,  we  will  describe  the  construction  of  these  instru- 
ments, and  the  methods  of  employing  them,  before  proceeding  to  a 
detailed  report  of  the  observations  which  I  have  made  in  that  district; 
and  of  the  results  deduced  from  them. 

The  dipping  needle,  like  all  other  inventions  susceptible  of  modifica- 
tion, has  a  variety  of  forms.  The  simplest  of  all  is  the  Swedish,  no 
doubt  suggested  by  the  dipping  of  the  surveyor's  compass  needle  when 
placed  over  any  mineral  deposits  possessing  magnetism.  This  instru- 
ment consists  of  a  brass  cylindrical  box  about  three  inches  in  diameter, 
and  of  nearly  the  same  height.  The  needle  supports  have  a  double 
joint,  after  the  manner  of  the  mariner's  compass,  which  allows  a  com- 
plete revolution  in  a  horizontal  plane,  and  an  inclination  all  around  the 
entire  circumference  of  abput  30°.  This  instrument  is  very  convenient 
for  rough  work,  when  accuracy  is  not  essential. 

Another  form,  and  the  most  common  of  all,  is  a  brass  box  from 
three  to  six  inches  in  diameter,  and  from  three-fourths  to  one  inch  in 
thickness.  The  two  faces  of  this  circular  case  are  formed  of  plain 
glass  plates.  The  needle  is  a  narrow  piece  of  steel,  with  a  small  hard- 
ened steel  axis  passing  at  right  angles  through  its  center.  The  ex- 
tremities of  this  axis  are  nicely  pointed  and  polished,  and  rest  in 
concave  centers  (supports)  of  agate,  or  finely  hardened  steel,  so  set  that 
the  needle  revolves  freely  in  the  plane  of  the  instrument. 

To  the  inside  rim  is  attached  a  graduated  circle,  which  is  divided 
into  quadrants,  and  each  of  these  into  90**,  so  that  when  there  is  no  at- 
traction to  influence  it,  the  needle,  if  properly  adjusted,  and  held  in  a 
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vertical  position,  facing  east  and  west,  will  mark  zero  upon  the  gradu- 
iited  circle.  If  the  attraction  is  such  as  to  cause  it  to  assume  a  posi- 
tion at  right  angles  to  the  horizon,  it  will  point  to  OO"*  on  the  scale. 

These  instruments,  though  apparently  simple,  are,  if  not  well  made, 
very  liable  to  get  out  of  repair.  This  trouble,  in  the  woods,  is  a  con- 
stant source  of  annoyance  and  uncertainty,  and  cannot  be  fully  appre- 
ciated until  experienced.  I  have  tried  a  number  of  these  instruments, 
from  different  makers,  and  find  that  they  generally  answer  well  at  first, 
but  what  is  most  desirable,  and,  in  fact,  indispensable,  is  that  they  should 
give  always  the  same  result  under  the  same  conditions,  so  that  we  may 
compare  the  results  of  one  portion  of  our  work  with  those  of  another. 

As  the  sensitiveness  of  the  compass  depends  entirely  on  the  action 
of  the  needle,  it  is  only  necessary  to  briefly  consider  that  part  of  the 
instrument  The  chief  trouble  with  the  needle  is,  that  the  points  of 
the  axis  upon  which  it  revolves  become  blunted  or  injured  by  use, 
thereby  increasing  the  friction,  and  thus,  in  like  ratio,  retarding  its 
movements.  Could  we  by  any  means  eliminate  the  friction  completely, 
the  dip  compass  would  be,  within  certain  limits,  perfect. 

Tliis  being  impossible,  however,  in  the  form  of  the  compass  which 
we  are  considering,  let  us  examine  the  cause  of  this  evil.  It  is  plainly 
evident  that  the  heavier  the  needle  is,  the  greater  the  friction  will  be, 
and  also  the  liability  of  the  fine  bearings  to  become  blunted.  To  ob- 
viate this  diflSculty,  we  must  have  a  needle  as  light  as  possible  without 
impairing  its  magnetism.  The  nearest  approach  to  this,  I  consider,  is 
an  instrument  made  by  Messrs.  "W.  &  L.  E.  Gurley,  Troy,  N".  T.,  after 
a  sketch  sent  them  by  myselt  The  needle  of  this  instrument  is  con- 
structed of  two  very  thin  plates  or  ribbons  of  steel  It  is  therefore 
light,  and  has  a  large  amount  of  surface,  which  latter  renders  it  very 
powerful.  This  combination  of  lightness  and  power,  make  the  needle 
sensitive  and  durable. 

There  is  the  objection  to  this  style  of  dipping  compass  —  wherein 
the  needle  revolves  in  only  one  plane — that  it  necessitates  the  bring- 
ing of  this  plane  into  a  vertical  plane  which  passes  through  the  mag- 
netic meridian  at  the  point  of  observation.  "With  a  little  experience, 
however,  we  will  be  enabled  to  do  this  with  considerable  readiness 
and  accuracy. 

Another  form  frequently  met  with,  is  a  combination  of  the  Swedish 
dipping  compass  and  the  one  just  described.  By  means  of  a  universal 
joint,  it  has,  in  addition  to  a  complete  revolution,  a  limited  lateral  mo- 
tion. The  main  objection  which  I  have  to  this  compass  is  that  it  re- 
quires more  time  for  the  needle  to  "  settle,"  and  the  glass  face  of  the 
instrument  must  be  protected  from  all  friction,  or  great  care  must  be 
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taken  to  remove  the  effects  of  friction,  otherwise  the  glass  becomes 
electrified  and  the  needle  will  either  adhere  to  it,  or  be  inflnenced  by 
it  so  as  to  destroy  the  accuracy  of  the  observation.  There  are  other 
forms  of  the  dip  compass,  but  these  three  styles  are  the  most  common 
ones  in  nse. 

The  dial  compass,  which  I  have  nsed  for  the  past  two  years,  was  de- 
signed by  Major  T.  B.  Brooks  and  myself.  The  needle  is  2^  inches 
long,  and  is  light,  and  extremely  sensitive.  The  graduated  ring  has  a 
movement  of  20*  to  either  side  of  the  zero  point,  and  so  may  be  ad- 
justed to  the  normal  variation,  so  that  the  true  local  deflection  may  be 
read  directly  from  the  instrument  The  gnomon,  or  coarse  black  silk 
thread,  which  casts  a  shadow  on  the  dial  plate,  is  fastened  to  the  com- 
pass plate  at  a  point  on  the  south  side  of  it,  while  the  other  extremity 
of  the  thread  is  attached  to  a  hinged  standard  on  the  north  side  of  the 
compass.  When  the  standard  is  upright,  the  angle  included  between 
the  thread  and  the  compass  plate  should  be  equal  to  that  of  the  lati- 
tude of  the  place  in  which  the  instrument  is  to  be  nsed. 

There  are  several  accessories  to  this  instrument,  but  this  alone  is  all 
that  has  any  bearing  on  the  subject  in  hand.  It  may  be  used  on  a 
tripod,  or  for  rapid  work  held  in  the  hand,  which  after  some  practice 
can  bo  accomplished  with  very  good  approximate  results,  sufficiently 
accurate  for  this  kind  of  work.  It  is  necessary  that  the  observer 
should  be  provided  with  the  correct  local  time. 

The  application  of  the  dipping  needle  and  dial  compass  is  simple, 
and  the  results,  when  rightly  interpreted,  are  very  satisfactory.  We 
will  suppose  a  covered  magnetic  belt,  having  a  strike  of  north  and  south, 
and  dipping  vertically.  If  the  magnetic  attraction  is  strong,  either 
instrument  will  answer.  If,  on  the  contrary,  the  attractions  are  slight, 
we  are  liable  to  pass  them  with  the  dipping  needle;  but  the  dial  com- 
pass needle,  being  far  more  sensitive,  will,  even  where  the  attractions 
are  exceedingly  faint,  give  a  variation  to  the  west,  on  the  east  side  of 
the  belt,  and  to  the  east,  if  the  compass  be  taken  to  the  west  side  of  this 
line.  Should  the  variation  be  only  three  or  four  degrees,  we  must  then 
cross  the  line  of  attraction  at  every  two  or  three  hundred  feet,  and  draw 
a  line  through  the  maximum  of  these  attractions. 

It  will  be  noticed  that  the  dial  compass  is  more  useful  in  this  case 
than  the  dipping  needle.  "We  will  suppose,  however,  that  the  magnetic 
belt  has  a  trend  of  east  and  west,  and  dips  as  Ltefore,  as  we  approach  it 
from  the  south  side;  the  needle  begins  to  vibrate  more  rapidly,  and  the 
north  end  of  the  dipping  needle  gradually  dips  downwards,  until  we  are 
directly  over  the  belt,  where,  if  the  attraction  is  sufficiently  strong,  its 
position  will  be  vertical,  or  90*. 
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The  vibrations  of  the  needle  are  now  the  most  rapid.  Continuing  to 
move  northward,  the  lower  end  of  the  needle  will  move  into  the  south 
quadrant,  and  continue  moving  to  the  south  until  the  local  force  by 
which  it  is  thus  influenced,  ceases  to  predominate  over  the  normal 
attraction  of  the  earth.  But  owing  to  the  well  known  law  of  magnet- 
ism, that  the  magnetic  power  increases  and  diminishes,  nearly,  as  the 
square  of  the  distance,  the  needle  slowly  retraces  its  path  and  passes 
the  90*  point  again.  The  number  of  vibrations  of  the  needle  during  a 
unit  of  time  are  greatly  lessened,  and  if  the  pivots  are  at  all  blunted, 
the  needle  will  frequently  settle  indifferently  in  any  position.  From 
this  we  have  two  90"  dips,  the  south  one,  directly  over  the  local  attrac- 
tion, and  the  north  dip,  the  resultant  of  two  magnetic  forces,  the  local 
attraction  to  the  earth,  and  the  terrestrial  magnetic  force.  But  let  us 
observe  the  dial  compass  under  these  conditions.  Commencing  again 
on  the  south  side,  the  vibrations  of  the  compass  needle  become  acceler- 
ated as  we  near  the  magnetic  belt,  but  the  moment  we  cross  it,  the 
needle  will  be  reversed,  if  the  attractions  are  sufficiently  strong.  If 
not,  the  vibrations  will  fall  far  below  the  normal  number,  and  the 
needle  will  possess  but  little  directive  force.  In  this  instance,  there- 
fore, the  dipping  needle  answers  the  purpose  best. 

We  will  now  assume  one  more  case  where  the  magnetic  bed  has  a 
strike  of  southwest,  and  a  dip  of  say  50*  to  the  northwest  Starting 
again  from  the  south  side  of  the  belt,  with  the  dial  compass,  we  observe 
a  westerly  variation  as  the  line  of  attraction  is  approached,  and  the 
vibrations  of  the  needle  are  likewise  increased.  Crossing  the  line,  the 
needle  suddenly  turns  to  the  east,  but  this  easterly  variation  will  grad- 
ually decrease  as  we  proceed  north;  and  the  north  zone  of  attraction 
will  be  found  to  be  much  broader  than  the  southerly  one,  because  of 
the  influence  exerted  by  the  underlying  masses  of  magnetic  material. 
Eetuming  to  some  distance  south  of  the  belt,  and  again  proceeding 
north  with  the  dipping  needle,  the  first  attraction  which  we  notice,  will 
often  be  a  negative  dip.  This  I  at  first  supposed  to  be  due  to  the 
boulders  detached  from  the  iron  belt,  but  its  frequent  occurrence  leads 
me  to  conclude  that  it  is  to  be.  attributed  to  another  source.  It  is  well 
known  that  the  magnetic  rays  emanating  from  the  extremity  of  a  mag- 
net, are  sent  forward  in  direct  lines,  parallel  to  the  axis,  or  resultant 
line  of  the  magnet;  but  owing  to  the  repellant  nature  of  these  similar 
polar  rays,  the  axial  rays  are  slightly  deflected;  those  nearest  these 
.  latter  are  deflected  still  more,  while  they  in  turn  deflect  those  next  in 
order  from  the  axial  line,  and  so  on  repeating  and  increasing  the  deflec- 
tion, until  we  find  the  outer  rays  on  opposite  sides  of  the  axis  making 
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an  angle,  with  each  other,  exceeding  ISO*.  These  are  not  straight  lines, 
but  are  curved,  as  may  naturally  be  inferred. 

The  dipping  needle,  if  brought  within  their  influence,  would,  if  the 
terrestrial  magnetism  were  entirely  neutralized,  assume  a  position  cor- 
responding with  the  direction  of  these  rays;  hence  the  negative  dip. 

If  we  continue  northwest  the  needle  will  come  down  to  90*,  if  the 
attraction  is  strong  enough,  as  in  the  former  case,  and  we  may  also  have 
a  second  ninety-degree  dip.  Northwest  of  the  line  of  the  magnetic  de- 
posit there  will  often  be,  over  a  large  area,  a  decided  negative  dip.  This 
is,  probably,  locally  occasioned,  by  the  undulating  cliaracter  of  the  un- 
derlying magnetic  rocks. 

The  cases  thus  far  considered  are  the  simplest  with  which  we  meet;  for, 
usually,  we  have  small  parallel  belts  of  attractions  to  trace  out.  Then, 
too,  instead  of  the  magnetic  beds  being  continuous,  they  are,  mostly, 
lenticular  in  form,  or  are  faulted,  causing  the  needle,  frequently,  to  re- 
verse its  direction  in  passing  along  the  line  of  attractions.  Still,  in  a 
general  way,  much  can  be  learned  of  the  deeply  covered  magnetic  beds, 
and  we  are  thus  enabled,  by  the  use  of  the  needle,  to  connect  isolated 
ledges  belonging  to  series  having  one  or  more  magnetic  members. 
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CHAPTER  II. 

GEOLOGICAL   CROSS-SECTION   OF   PENOKEE  IRON 

RANGK 

The  rockfi  described  in  the  geological  cross-section  of  the  Penokee 
series,  given  on  the  opposite  page,  were  not  found  outcropping  on  any- 
one line  crossing  the  range,  but  were  projected,  as  near  as  may  be,  on  an 
imaginary  one.  In  fact  it  would  be  quite  impossible  to  embody  in  any 
local  section  the  characteristic  rocks  of  this  range;  owing  to  the  limited 
number  of  outcrops,  and  the  variable  nature  of  some  of  the  beds.  As 
an  illustration  of  this  latter  fact,  it  was  found  that  the  black  slates  at 
the  Penokee  Gap  are  replaced  by  diorites  and  hornblende  rock  to  the 
west  in  Sec  16,  T.  44,  R.  6. 

In  this  geological  section  it  has  been  my  endeavor  to  correlate  the 
Penokee  Iron-bearing  series  —  Lower  Huronian — as  near  as  possible 
with  those  of  Michigan,  assumed  to  be  of  the  same  age,  as  they  un- 
doubtedly are. 

"We  will  adopt,  for  convenience  of  reference,  the  numbering  first  em- 
ployed in  the  Geol.  Rep.  of  Michigan,  1873,  to  designate  the  Lower 
Huronian  beds. 

The  first  rocks  we  will  consider,  however,  are  those  of  the  Lauren- 
tian  series,  found  outcropping  on  the  south  side  of  the  Penokee  range. 
These  rocks  are  granites,  gneissoid  granites,  and  gneisses.  At  the  Gap, 
they  have  a  strike  a  little  to  the  south  of  west,  and  dip  from  65"*  to  80"* 
to  the  south.  The  granites  are  dark  gray  to  reddish,  depending  on  the 
predominance  of  the  mica  or  feldspar.  They  are  fine  to  very  coarse 
grained,  the  medium  grained  varieties  being,  however,  the  most  com- 
mon. The  essential  mineral  ingredients  are  usually  easily  recognized. 
The  bedding  planes,  or  "  grain,"  of  the  granite,  even  in  the  massive 
varieties,  may,  generally,  after  careful  examination,  be  made  out.  The 
quartz  is  present  in  grayish  or  glassy  grains,  and  in  blotches;  consti- 
tuting, in  the  latter  instance,  the  matrix  of  the  rock.  The  milky  color 
of  the  quartz  is,  no  doubt,  largely  due  to  internal  checks,  or  flaws,  with 
minute  cavities  distributed  along  the  irregular  planes,  which  are  fre- 
quently filled  with  a  liquid,  having  a  very  small  bubble  moving  about 
within  it 
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In  the  liquid  carbonic  acid  inclusions,  the  bubble  is  more  lively  than 
those  of  the  water-filled  cavities.  The  rim  around  the  bubble  in  the 
former  is  less  distinct  than  that  in  the  latter,  while  the  dark  outline  of 
the  cavity  itself  is  narrower  in  the  water  than  in  the  liquid  carbonic 
acid  inclusions.  This,  of  course,  is  due  to  the  diflTerence  of  the  re- 
spective refractive  indices  of  the  liquid  carbonic  acid,  water,  and  air, 
or  vapors. 

Orthoclase  is.  the  prevailing  member  of  the  feldspar  family.  Under 
the  microscope  it  presents  a  more  or  less  cloudy  to  dense  milky  ap- 
pearance, owing  to  the  different  stages  of  decomposition;  which  be- 
gins, as  can  be  nicely  observed,  along  the  cleavage  planes,  imparting  to 
the  section  of  the  crystal  a  mossy  texture.  This  gradually  thickens, 
and  we  finally  have,  in  place  of  the  crystal,  a  micro-granular  mass,  in- 
distinctly outlined,  which  appears  grayish  white  between  the  crossed 
nicols. 

The  mica  is  chiefly  biotite,  and  of  a  dark  color.  Some  of  the  black 
scales^  when  viewed  under  the  microscope,  resemble  chlorite;  but  when 
the  section  makes  an  oblique  angle  with  the  principal  axis  of  the  for- 
mer, its  dichroism  readily  distinguishes  it  from  the  chlorite.  An  ap- 
parent dichroism  may,  however,  occur  in  a  very  thick  section  of  gran- 
ite. Muscovite  is  almost  always  present  in  these  granites;  though 
the  thin,  limpid  leaves  require  a  good  defining  microscope  to  discover 
them.  As  accessories  may  be  added  amphibole,  magnetite,  pyrite, 
menaccanite  and  chlorite.  Frequently  there  is  a  strong  resemblance 
between  biotite  and  amphibole,  especially  in  the  dark  green  biotite, 
where  the  section  happens  to  be  parallel  to  the  principal  axis.  The 
dichroitic  test  cannot  be  applied  here,  as  both  possess  dichroism;  but 
the  positions  of  the  optical  bisectrix  in  relation  to  the  principal  axes 
of  the  crystals  readily  separate  them. 

The  gneisses,  like  the  granites,  vary  from  dark  gray  to  reddish. 
Usually  they  are  distinctly  laminated  with  the  layers  of  quartz,  feld- 
spar and  folia  of  mica.  It  is  sometimes  slaty,  but  more  generally  it  is 
heavily  bedded,  and  passes  almost  imperceptibly  into  a  gneissoid  or  a 
massive  granite.  The  dark,  fine  grained,  slaty  varieties  resemble  horn- 
blende gneiss  and  hornblende  schist;  in  fact,  I  have  been  obliged  to 
make  microscopic  sections  before  being  able  to  decide  which  it  was. 

Under  the  w/icroscope^  in  the  dark  variieties  may  be  recognized  horn- 
blende, and,  in  some  instances,  we  have  a  hornblende  gneiss.  The 
quartz  grains  are  angular  and  enclose  liquid-filled  cavities.  The  feld- 
spar consists  of  orthoclase  and  plagioclase,  the  former  largely  predom- 
inating in  the  micaceous  gneisses,  but  in  the  hornblende  gneisses  the 
difference  is  not  so  great    The  mica  is  chiefly  biotite,  though  musco- 
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vite  is  usually  present.    The  accessory  minerals  are  pyrite,  chlorite  and 
magnetite. 

Nonconformably  overlying  the  Laurentian  rocks  are  those  of  the  Hu- 
ronian  series.  "We  have  at  the  Penokee  Gap,  where  the  Wisconsin  Cen- 
tral railroad  crosses  the  range,  one  of  the  best  opportunities  I  have 
ever  chanced  upon  for  observing  this  interesting  fact.  This  non-con- 
formability  on  the  Penokee,  I  believe,  was  first  noticed  by  myself  in 
1876.  The  Huronian  series  at  the  Gap  are  plainly  bedded,  and  have  a 
strike  of  a  little  north  of  east,  and  dip  very  uniformally  66°  to  the  north. 

The  lowest  member  which  I  have  seen  on  the  Penokee  range  is  a 
marble,  or  dolomitic  limestone,  which  we  will  consider  as  No.  IV. 
There  may  be  other  members  below  the  marble,  as  is  the  case  in  the 
Huronian  rocks  of  Michigan,  but  I  have  never  found  them. 

At  the  Penokee  Gap,  the  marble  is  silicious;  in  color,  light  drab  to 
grayish  white,  with  shades  of  green;  also  light  red  and  pink,  not  un- 
commonly. This  diversity  of  colors  is  often  observable  in  a  hand 
specimen.  The  marble  is  fine  grained,  and  strongly  bedded,  or  massive, 
depending  on  the  degree  of  metamorphism.  When  massive,  it  is  usu- 
ally jointed,  and  weathers  to  a  light  drab.  Some  portions  of  the  rock 
contain  pale  green  to  almost  white,  radiated  bunches  of  actinolite,  re- 
sembling, in  the  latter  instances,  clusters  of  arragonite. 

Under  the  microscope^  a  section  of  the  rock  shows  a  granular  struc- 
ture, and  presents,  between  the  crossed  nicols,  a  grayish  field  sprinkled 
with  a  few  bright  grains  of  silica  and  an  occasional  fragment  of  actino- 
lite. Scarcely  any  calcite  can  be  seen,  since  the  granules,  almost  with- 
out exception,  are  unstriated  (dolomite). 

No.  V.  Immediately  overlying  the  marble  at  the  Gap  is  a  quartzite, 
varying  in  color  from  grayish  white  to  white,  and  from  saccharoidal 
to  viti-eous  in  texture.    It  is  massive  and  highly  jointed. 

Under  the  micro8COj}e,  it  presents  a  very  pretty  chromatic  field, 
composed  of  irregular  shaped  grains  of  quartz.  In  the  section  are 
patches,  wherein  the  granules  of  quartz  are  much  smaller,  similar  to 
those  in  which  has  occurred  a  replacement  of  the  original  mineral  sub- 
stance from  a  silicious  solution,  suggesting  the  supposition  that  this 
quartzite  formed  once  a  portion  of  the  marble  bed.  The  rock  has 
evidently  crystallized  in  &itu.    In  the  quartz  are  fluid  inclusions. 

"West  of  here,  in  ranges  4  and  6,  are  several  ledges  of  dolomitic  mar- 
ble, which  are  much  coarser  grained  than  the  silicious  marble  above 
described,  and  which  are  less  silicious.  See  description  of  specimen 
176  in  the  following  chapter. 

No.  VI.  Next  in  order  above  the  quartzite  we  have  a  chloro-silicious 
schist.    This  member  was  notable  for  preserving  its  individuality  wher- 
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ever  we  found  it  outcropping,  and  was  therefore  easily  and  quickly 
recognized.  It  Las  a  dark  grayish  green  color,  fine  grain,  and  is  jointed, 
and  usually  more  or  less  slaty.  Along  the  jointing  planes,  it  is  often 
finely  corrugated,  and  has  an  unctuous  feeling.  It  cleaves  readily  into 
thin  parallel  and  wedge-shaped  plates.  Examined  with  the  lens,  it  is 
diflScult  to  distinguish  any  of  the  chlorite. 

Under  the  microscope^  in  the  polarized  light,  numerous  chromatic 
grains  of  silica,  partially  enveloped  with  folia  of  chlorite,  appear  to 
dot  the  field.  The  greenish  leaves  of  chlorite  are  plainly  visible,  also 
a  few  grains  of  magnetite.  "With  a  power  of  five  hundred  diameters, 
there  may  be  seen  several  minute  crystals  of  rutile. 

Nos.  YII,  EK,  and  probably  No.  XI,  are  represented  in  the  near 
vicinity  of  the  Gap  by  argillites,  or  black  slates,  while  west  of  the  Gap, 
from  ten  to  fourteen  miles,  as  has  been  already  noted,  the  slates  are 
replaced  by  diorites  and  hornblende  rocks.  My  impression  is  that 
these  slat^  and  greenstones  do  not  vary  greatly  in  their  chemical  com- 
position, the  texture  and  structure  being  due  to  different  conditions  or 
degrees  of  metamorphism. 

The  argillites  are  brownish  to  bluish  black,  and  have  a  micro-granu- 
lar texture.  Some  of  these  are  quite  slaty  and  cleave  freely;  others 
are  more  compact.  The  slates  are  thicker,  and  the  fracture  uneven  to 
conchoidaL  On  the  cleavage  planes  they  have  a  bright,  lively  luster, 
bnt  a  fracture  across  the  cleavage  is  of  a  dull  brownish  black.  Dis- 
seminated through  the  slate  is  considerable  carbon,  which  appears 
ragged  under  the  microscope.  Numerous  slender  blades  resembling 
microlites  of  feldspar  are  visible.  Small  angular  grains  of  silica  are 
present,  also  brownish  and  slightly  dichroitic  leaves,  resembling 
biotite. 

The  diorites,  above  alluded  to  as  constituting  in  part  Nos.  Yll  and 
IX  of  our  scheme,  are  massive,  and  strongly  jointed,  rarely  ever  show- 
ing any  signs  of  bedding.  They  are  fine  to  coarse  grained  in  texture; 
the  cleavage  planes  of  the  hornblende  in  coarse  varieties  being  unmis- 
takable; also  grains  of  magnetite.  The  other  mineral  ingredients  are 
not  so  readily  distinguished. 

Under  the  microscope^  can  be  easily  recognized,  plain  and  striated 
crystals  of  feldspar,  of  amphibole,  and  an  occasional  one  of  pyroxene; 
also  a  few  grains  of  magnetite. 

The  crystals  of  orthoclase  are  quite  large;  and,  tliickly  strewn  in 
them,  are  fibrous  fragments  of  amphibole.  The  slender  crystals  of  plag- 
ioclase  are  often  partially  within  the  orthoclase,  while  other  portions 
of  the  same  are  embedded  in  the  amphibole.  Some  of  the  hornblende 
crystals  are  twinned.    As  accessory  minerals,  may  be  added  grains  of 
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magnetite  and  groups  of  parallel-arranged  narrow  blades  or  filaments 
i-esembllng  magnetite  or  menaccanite. 

The  last  of  the  greenstone  family  we  will  consider  at  present,  is  the 
hornblende  rocky  which  we  have  already  designated. 

No.  XI.  This  member,  like  the  diorite,  forms  high,  bold  ledges. 
It  is  massive,  but  generally  the  bedding  planes  can  be  made  out,  and 
the  fine  grained  crystalline  textures  are  the  most  common.  A  fresh 
fracture  across  its  grain  sparkles,  and  feels  rough  and  jagged  to  the 
touch.  The  rock  is  jointed;  and  coursing  through  it  are  frequently 
veins  or  dykes,  of  the  upper  granite  (see  cross  section). 

Under  the  microscope^  a  section  of  the  hornblende  rock  consists  of 
feldspar  and  amphibole;  also  quartz,  a  little  chlorite,  and  a  few  grains 
of  magnetite.  The  amphibole  and  feldspar  are  contained  nearly  in  the 
same  proportion.  The  former  is  of  a  pale  green  color  and  only  slightly 
dichroitic;  the  latter  consists  of  plagioclase  and  orthoclase  in  about 
equal  quantities. 

Eeturning  now  to  No.  Till,  of  our  cross  section,  we  find  it  and  No. 
X  represented  by  actinolo-magnetic  schists.  These  membei's  are  more 
or  less  magnetic,  depending  on  the  percentage  of  magnetite,  and  other 
conditions.  When  dipping  at  a  high  angle,  and  very  silicious,  they 
are  as  a  rule  found  outcropping,  and  form  high  ranges,  which,  owing 
to  their  strong  magnetic  attraction  for  the  needle  of  the  dipping  com- 
pass, too  frequently  play  strange  freaks  with  the  explorer,  who,  in  his 
imagination,  even  if  he  be  a  fair  judge  of  iron  ore,  imagines  that  just 
beneath  these  leaner  schists  must  lie  concealed  large  deposits  of  rich 
ores,  and  that  a  little  more  perseverance  on  his  part  will  unearth  it. 
If  his  stock  of  pluck,  however,  is  greater  than  his  capital,  he  is  simply 
digging  his  financial  grave. 

This,  I  regret  to  say,  is  no  fancy  sketch,  as  the  several  test  pits  and 
trenches  on  the  Penokee  range  attest.  It  would  not  be  so  deplorable, 
if  the  individual  loss  were  the  only  one  sustained;  in  fact,  it  is  only  a 
fractional  part  of  the  injury  done;  for  the  individual  failure  reflects 
upon  the  entire  range,  and  thereby  retards  enlightened,  legitimate  ex- 
plorations, and  the  same  may  be  said  of  any  unwarranted  adverse  criti- 
cisms,  from  whatever  source,  the  higher  the  authority,  the  more  dam- 
aging. 

The  magnetic  schist  is  banded,  with  layers  of  lean  ore  impregnated 
by  actinolite;  also  layers  of  arenaceous  quartz,  and  occasionally  a  thin 
one  of  magnetic  ore.  The  bands  vary  in  thickness  from  a  mere  line 
to  one  or  more  inches.  Some  portions  of  it  are  quite  slaty  and  jointed. 
Tlie  texture  on  a  fracture  is  usually  fine  grained.  The  color  varies 
from  gray  to  brownish  black. 
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Under  the  microacopey  in  a  thin  section  of  the  magnetic  schist  from 
the  Penokee  mine  (550  paces  west  from  the  northeast  corner  of  Sec.  15, 
T.  44,  R  3),  there  appears  to  be  about  an  equal  mixture  of  magnetite 
and  actinolite  arranged  in  alternate  bands.  The  fibrous  crystals  of 
actinolite  are  thickly  matted,  making  it  diflScult  to  distinguish  the  sep- 
arate crystal  blades.  It  is  possible  that  there  is  considerable  anthophyl- 
lite  intenningled  with  the  actinolite.  It  is  not  easy  to  distinguish 
between  these  minerals  when  they  are  intimately  associated;  then,  too, 
the  dichroitic  test  cannot  with  certainty  be  relied  upon,  since  the  lighter 
colored  actinolite  shows  but  very  little  dichroism;  neither  can  the  posi- 
tion of  their  respective  optical  axes  to  their  crystal  axes  be  readily 
determined.  Scattered  through  the  section  appear,  in  the  polarized 
light,  bright  chromatic  grains  of  silica. 

No.  XII,  usually  represented  in  the  Marquette  iron  district  by  a 
banded  jasper,  which  forms  the  "  foot  wall ''  of  the  iron  ore,  we  did  not 
find  outcropping  west  of  the  Penokee  Gap,  but  since  we  were  on  the 
range,  I  have  been  shown  by  exploring  parties  several  samples  of  jas- 
per, and  specular  and  magnetic  ore  (probably  No.  XIII),  which  they 
found  east  of  the  Gap. 

One  sample  of  a  fine  steely  specular  ore  afforded  me  on  partial 
analysis: 

MetaUiciron 63.100 

Phosphoros 025 

SiUca  6.100 

Another  analysis  of  steely  magnetic  ore  from  near  the  same  locality 
gave  me: 

Magnetic  oxide  of  iron 86.70 

Alnmina 3. 10 

lime 1.40 

Magnesia 2.70 

Oxide  of  manganese trace. 

Sulphur 04 

Phosphoric  add 34 

Silica 4.70 

Undetennined  and  loss 1 .02 

Metallic  iron 62.60 

Phosphorus 15 

No.  XIT.  I  have  also  seen  specimens  of  gray  quartzite  from  east 
of  the  Grap,  which  were  very  similar  to  that  forming  the  hanging  wall 
of  the  Marquette  iron  ore  mines,  and  for  this  reason  we  will  for  the 
present  refer  it  to  No.  XIV.  The  next  member  in  the  regular  order. 
No.  XT,  a  micaceous  argillite,  or  slate,  is  found  outcropping  in  sections 


Digitized  by 


Google 


254  HURONIAN  SERIES  WEST  OF  PENOKEE  GAP. 

9,  10  and  11,  town  44,  range  3  "W.  The  outcrops  were  small,  and 
formed,  at  most,  only  low,  narrow  ridges,  which  is  no  doubt  due  to  the 
perishable  nature  of  the  rock.  In  many  respects  it  resembles  the 
argillites,  described  under  Nos.  VII  and  IX. 

The  rock  is  dark  brownish-black,  has  a  dull,  slaty  texture,  is  strongly 
jointed,  cleaves  into  imperfect  slates,  the  thicker  ones  having  a  con- 
choidal  fracture.  Examined  on  a  fresh  fracture,  the  surface  appears 
thickly  sprinkled  with  very  minute,  shiny  scales. 

Under  the  microscope^  the  base  of  the  thin  section  is  densely  strewn 
with  small  brownish  scales  of  biotite;  and,  besides,  there  is  a  very 
finely  but  unevenly  distributed  substance  resembling  carbon.  The  thin 
section,  without  the  aid  of  the  microscope,  presents  an  oolitic  structure, 
due  to  small  oval-shaped  particles  of  a  lighter  color  than  the  ground- 
mass,  which  average  about  1-32  of  an  inch  in  size. 

Under  the  microscope^  again,  they  appear  to  be  altered  crystals,  be- 
longing to  the  orthorhombic  systems;  possibly  they  are  those  of  andal- 
usite.  The  leaves  of  mica  are  scattered  as  evenly  in  these  crystals  as 
within  the  ground-mass. 

Nos.  XYI  to  XIX.  Within  these  numbers  are  embraced  a  large 
group  of  micaceous  quartz  schists,  micaceous  slates  and  schists,  and 
chiastolite  schist 

These,  with  No.  XV,  no  doubt  could  consistently  be  comprised 
under  one  head,  but  in  order  to  reach  No.  XIX,  which  corresponds 
very  nearly  with  the  chiastolite  schist  of  the  Michigan  series,  we  will, 
for  the  present,  retain  the  numbers  without  attempting  to  classify  the 
difEei'ent  schists. 

The  most  important  member  of  these  is  the  micaceous  quartz  schist. 
It  has  an  immense  development  immediately  west  of  the  Gap.  It  is 
of  a  dark  iron-gray  color,  and  has  a  very  even,  fine  grained  texture.  It 
weathers  to  a  light  drab.  Under  the  lens,  the  dark  colored  mica  is 
plainly  visible.  Some  of  the  exposed  surfaces  are  minutely  pitted, 
owing,  apparently,  to  the  partial  decomposition  and  washing  out  of  the 
mica.  In  hand  specimens,  the  structure  appears  massive,  but,  by 
uncovering  the  ledge,  the  fresh  surface  frequently  shows  a  slightly 
banded  structure. 

Under  the  microscope^  the  section  appears  to  be  composed  chiefly  of 
quartz  and  biotite,  with  a  little  feldspar.  As  accessories,  may  be  rec- 
ognized magnetite,  and  a  few  scattered  colorless  leaves  of  muscovite. 
The  chiastolite  schist  forms  a  high  ridge  on  the  east  bank  of  Bad  Water 
river,  near  the  west  line  of  the  K  W.  J  of  Sec  11,  T.  44,  R.  3  W.  It 
has  a  dark  brown  to  brownish-black  color.  A  fresh  fracture  glistens 
with  tiny  scales  of  biotite.    The  chiastolite  crystals  are  long  and  slen- 
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dw,  some  of  ihem  measuring  an  inch  in  length  and  an  eighth  of  an 
inch  in  width.  Their  centers  are  traversed  by  a  dark  line,  and  the 
broken  ends  of  the  crystal  present  a  square  section,  the  comers  of  which 
are  nearly  black.  The  crystals  also  possess  more  or  less  cleavage  par- 
allel  to  their  longer  axis,  and  the  fresh  fracture  has  a  semi- vitreous 
lustre.    The  crystals  are  usually  tapered  at  either  ^id. 

This  comprises  all  of  the  rocks  which  I  am  satisfied  belong  to  the 
Iron  series.  Overlying  these,  apparently  non-conformably,  are  diorites, 
uralites,  diabases,  hypersthene,  and  granitoid  rocks.  The  diabases  are 
massive  and  fine  to  very  coarse  grained.  In  some  of  them  the  crystals 
of  labradorite  are  two  inches  across;  in  fact,  this  mineral  in  nearly  all 
of  them  is  the  principal  one.  A  weathered  surface  of  the  rock  is  fre- 
quently rough  and  knotty,  with  projecting  grains  of  titanic  iron  ore. 
The  augite  is  best  recognized  under  the  microscope.  The  diorites  are 
also  massive.  The  coarser  varieties  are  easily  distinguished  from  the 
diabases  by  the  cleavage  planes  of  the  hornblende. 

In  Sec  3,  T.  44,  R  3  W.,  are  several  large  ledges  of  granite  and 
gneissoid  granite.  Their  bedding  planes  are  very  much  contorted;  but 
the  average  strike  is  about  southwest.  The  prevaiUng  color  of  the 
granite  (spec.  150)  is  pinkish,  due  to  the  orthodase  feldspar.  The 
quartz  occurs  in  dull  glassy  grains;  and  black  scales  of  mica  are  thickly 
scattered  in  the  matrix.  It  is  usually  coarse  grained,  and  often  por- 
phyritic,  with  crystals  of  feldspar.  It  is  strongly  jointed,  showing 
little,  if  any,  signs  of  bedding. 

Under  the  microscope^  in  a  thin  section,  may  be  easily  recognized 
the  plain  and  striated  crystals  of  feldspar,  and  also  the  quartz  and  bio- 
tite.  The  feldspar  crystals  are  somewhat  altered,  and  frequently  enclose 
grains  of  quartz  and,  apparently,  in  a  few  instances,  leaves  of  biotite. 
The  grains  of  quartz  are  rich  in  fluid  inclusions,  and  their  tiny  bubbles 
move  about  briskly  within  the  cavities.  One  exceedingly  interesting, 
and  probably  important  fact,  is,  that  some  of  these  inclusions  are  filled 
with  a  strongly  saturated  solution  of  salt,  out  of  which  has  formed  a 
small  crystal  cube.  These  inclusions  are  easily  distinguished  from  the 
others  by  the  presence  of  the  faintly  outlined,  colorless  crystal  of  salt, 
and,  besides,  a  dark  bubble  having  a  bright  center;  whereas,  in  the 
other  inclusions,  the  bubble  is  much  lighter,  and  has  a  relatively  much 
larger  bright  space  in  the  center.  This,  of  course,  is  owing  to  the  fact 
that  the  difference  of  the  respective  refractive  indices  of  the  bubble  and 
of  the  salt  solution  is  greater  than  in  those  containing  only  bubbles 
and  water. 

It  seems  to  me  that  in  tliose  minute  crystal  cubes,  measuring,  as 
they  do,  scarcely  1-8000  of  an  inch  across,  we  have  an  important  dis- 
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tingniBhing  feature  between  the  Lanrentian  granite  and  this  npper 
member. 

The  biotite  includes,  frequently,  small  grains  of  quartz;  and,  if  we 
assume  that  the  rock  has  crystallized  "in  situ,"  we  would  have  what 
appears  to  be  the  following  order  of  the  formation  of  the  mineral  con- 
stituents: first,  the  quartz;  then,  the  mica;  and  lastly,  the  feldspar. 

Kespecting  the  non-conformability  of  what  are  unquestionably  lower 
Huronian  rocks,  and  the  ones  just  described,  we  have  in  the  south  half 
of  Sec  4,  east  of  English  lake,  a  large  development  of  micaceous 
quartz  schists  very  plainly  bedded,  with  a  remarkably  regular  strike  of 
nearly  east  and  west,  while  only  a  few  hundred  feet  to  the  north  are 
ledges  of  gneissoid  rocks  having  a  strike  of  N.  30°  "W.  to  N.  45**  W.; 
also  in  the  east  half  of  Sec  14,  on  the  east  shore  of  Bladder  lake,  we 
find  the  diabases  in  close  proximity  to  the  magnetic  schists.  Whether 
these  latter  rocks  belong  to  the  Copper  series,  thereby  forming  their 
base,  or  are  an  independent  outflow,  so  to  speak,  I  will  not  attempt  to 
say,  having  seen  too  little  of  them  to  even  warrant  the  expression  of  an 
opinion. 

It  is  certainly  an  exceedingly  interesting  problem,  and  I  sincerely 
trust  that  whoever  endeavors  to  solve  it  will  consider  well  all  the  at- 
tainable facts  relating  to  it,  and  give  them  that  careful  study  to  which 
they  are  certainly  entitled. 
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CHAPTER  III. 

SPECIAL  EXAMINATION  OF  PENOKEE  IRON  RANGE 
WEST  OF  THE  GAP. 

On  the  22d  day  of  August,  1876,  Prof.  Chamberlin  and  myself  arrived 
at  the  Penokee  Gap,  and  met  there  Prof.  R.  D.  Irving  and  F.  H.  Broth- 
erton,  Esq.,  who  were  doing  some  geological  work  immediately  about 
the  Gap.  The  next  day  Professors  Chamberlin  and  Irving  returned  to 
Ashland,  en  route  for  the  Montreal  river,  while  Mr.  Brotherton  and 
myself  turned  to  our  field  of  labor.  My  instructions  from  Prof.  Cham- 
berlin were  to  trace  the  iron-bearing  rocks  from  near  the  Gap  as  far 
westerly  or  southerly — depending,  of  course,  on  where  the  range  should 
lead  us  —  as  a  limited  time  would  pennit,  ray  work  to  commence  where 
Prof.  Irving  had  ended  his.  In  compliance  with  these  instructions, 
Mr.  Brotherton  and  myself  made  our  first  camp  in  the  N.  E.  qr.  of  Sec. 
16,  T.  44,  R.  3  W.,  about  one  hundred  paces  easterly  from  the  so-called 
Penokee  Iron  mine.  This  location  consists  of  a  good  frame  house  and 
a  mine  shaft  nearly  full  of  water.  Out  of  this  shaft  has  been  taken 
some  two  or  three  hundred  tons  of  second  class  magnetic  ore.  The  ore 
is  really  a  magnetic  schist;  that  is,  a  schist  banded  with  layers  of  mag- 
netite and  silicious  material  Some  of  these  bands,  which  are  rarely 
two  inches  in  thickness,  are  quite  rich  in  iron  oxide.  It  is  jointed,  and 
presents  a  very  fine  grained  texture.  It  is  strongly  magnetic,  and 
usually  exhibits  a  decided  polarity.  The  silicious  laminoB  ai'e  mostly 
of  a  grayish  color,  or  are  often  densely  impregnated  with  actinolite  and 
minute  particles  of  magnetite.  Scattered  through  this  stock  pile  are 
some  small  pieces  of  iron  ore,  which  contain  considerable  manganese. 
There  are  no  exposures  of  rock  immediately  about  the  mine,  but  trav- 
eling northerly  from  the  shaft  a  hundred  paces,  with  the  dip  needle  in 
hand,  two  or  three  covered  belts  of  attraction  can  be  made  out.  These 
probably  correspond  to  formations  VIII  and  IX.  See  geological  sec- 
tion. As  the  formation  is  here  covered  up,  it  is  impossible  to  say  what 
lies  between  these  belts,  but  it  is,  probably,  an  argillite,  or  a  magnesian 
schist 

We  will  now  proceed,  according  to  the  plan  already  suggested,  to 
present  in  detail  the  results  of  this  season's  (1876)  work  on  the  range, 
giving  the  dates,  the  better  to  preserve  the  connection. 
Vol.  ni.— 17 


Digitized  by 


Dy  Google 


558  HURONIAN  SERIES  WEST  OF  PENOKEE  GAP. 

August  23.  We  commenced  our  examinations  near  the  south  quar- 
ter-post of  Sec.  10,  T.  44,  R  3  W.,  and  found  on  the  north  edge  of  the 
ridge  some  outcrops  of  magnetic  schist,  dipping  to  the  north*  "We 
proceeded  from  this  point  in  a  northwest  direction.  The  ground  for  a 
distance  of  about  four  hundred  paces  ^  is  gradually  descending,  and  the 
timber  is  a  fine  quality  of  hard  wood  that  will  yield  about  fifty  cords  to 
the  acre.  For  three  hundred  paces  more,  the  ground  becomes  rolling, 
and  the  timber  consists  of  hemlocks,  birch  and  sugar  maple,  that  will 
cut  about  the  same  amount,  exclusive  of  the  hemlock,  but,  probably 
two-thirds  of  it  is  soft  wood. 

We  continue  for  seven  hundred  paces,  and  come  into  low  land  tim- 
bered with  cedar,  spruce  and  hemlock.  After  passing  over  this,  we 
pursue  our  northwest  course  and  ascend  a  low  ridge,  having  nearly  an 
east  and  west  trend,  on  the  south  side  of  which  is  the  west  quarter  of 
the  section  (10). 

About  three  hundred  paces  northwest  from  this  quarter-post,  are  some 
low  ledges  of  micaceous  quartz  schist,  the  bedding  planes  of  which  are 
quite  distinct,  and,  on  the  weathered  surface,  they  present,  often,  a 
pitted  appearance,  probably  occasioned  by  the  dissolving  or  washing 
out  of  small  bunches  of  mica,  or  of  some  other  perishable  mineral. 
The  strike  of  the  bedding  varies  from  N.  75*  W.  to  direct  east  and 
west,  and  the  dip  is  82*  to  the  north  (spec.  126).  The  rock  is  of 
a  dark  grayish  drab  color,  fine  grained,  even,  semi-crystalUne  texture, 
and  weathers  to  a  light  drab,  schistose  structure,  which  is  barely  per- 
ceptible  in  a  hand  specimen.  A  freshly  broken  surface  glistens 
with  tiny  scales  of  black  mica  and  with  minute  facets  of  feldspar  — 
also  jointed,  uneven  fracture.  A  thin  section  of  the  rock,  placed 
under  the  microscope^  and  examined  in  polarized  light,  appears  com- 
posed, chiefly,  of  small  angular  grains  of  silica,  brownish  leaves  of 
biotite,  and  a  few  partially  altered  crystal  fragments  of  orthoclase 
feldspar.  As  accessories  may  be  recognized  a  small  quantity  of  mag- 
netite, and  also  some  colorless  scales  of  muscovite.  We  proceed  on  the 
same  course  and  cross  over  the  ridge  and  descend  its  northerly  slope, 
reaching  a  point  eight  hundred  and  fifty  paces  northwest  from  the  east 
quarter-post  of  Sec.  9,  where  is  another  low  ledge  of  micaceous  quartz 
schist  (spec.  127),  very  similar  to  No.  126,  just  described.  The  bedding 
j)lanes  are  distinct  and  have  a  strike  of  N.  75*  W.,  and  a  dip  of  82*  to 
the  north.  No  more  outcrops  were  found  until  we  came  to  the  north 
quarter-post  of  the  section.  The  timber  along  the  line,  so  far  as  could 
be  seen,  consists  of  sugar  maple,  birch,  hemlock  and  iron  wood,  and  will 
yield  fifty  cords  to  the  acre  —  three- fourths  hard  wood.    Just  before 

^  2,000  paces  to  the  mile. 
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reaching  the  north  line  of  the  section  the  ground  gradually  ascends,  and 
soon  forms  a  low  ridge  about  fifty  feet  high,  on  the  south  side  of  which 
are  some  ledges  of  micaceous  quartz  schist  (spec.  128),  similar  to  No. 
126.  The  bedding  is  easily  made  out,  the  strike  being  N.  80*  W., 
and  the  dip  80*  to  the  north.  Thence  west  along  the  north  line  of  Sec. 
9,  we  soon  leave  the  ridge  and  pass  over  some  low,  wet  ground,  timbered 
with  spruce  and  birch.  About  six  hundred  paces  from  the  quarter- 
post  on  this  line  is  English  lake.  A  fine  view  of  this  lake  can  be  had 
from  its  east  side.  The  south  shore  is  low  and  skirted  by  evergreens, 
comprising  balsam,  hemlock,  cedar,  spruce,  and  scattered  among  them 
are  beautiful  slender  white  birches.  On  the  west  and  northwest  shore, 
over  a  mile  away,  the  land  becomes  higher,  and  is  covered  with  hard- 
wood timber;  but  as  we  follow  around  the  lake  and  reach  the  north 
side,  the  timber  is  more  mixed,  being  about  half  soft  wood;  and  here 
is  also  found  a  low  ledge  of  greenstone.  From  the  lake  we  took  a  south 
and  southwesterly  direction,  reaching  the  west  quarter-post  of  Sec.  9, 
which  is  situated  on  a  rise  of  ground  surrounded  by  low  lands,  covered 
mostly  with  hemlock,  birch  and  spruce.  Going  from  this  point  to  the 
southeast,  the  country  is  low,  and  for  a  distance  of  three  hundred  paces 
is  timbered  with  hemlock  and  birch  —  yield  about  forty  cords  to  the 
acre,  one-fourth  hard  wood.  From  here,  for  about  one  thousand  steps 
(one-half  mile),  the  ground  is  more  rolling  and  is  covei^ed  with  sugar 
maple,  birch  and  hemlock —  yield  fifty  cords  of  wood  to  the  acre,  one- 
half  hard  wood.  We  continue  up  the,  at  first,  gentle  ascent  of  the 
range,  and  soon  reach  the  south  quarter-post  of  Sec.  9.  Here  we  hastily 
adjourned  to  camp,  to  await  the  result  of  a  threatened  thunder  storm. 
In  proceeding  to  our  camp  we  followed  a  trail  that  leads  from  Penokee 
G^p  to  English  lake. 

Along  the  lines  which  we  traversed  during  the  day,  we  took,  at  eacli 
fifty  paces,  magnetic  observations,  except  the  diagonal  lines,  on  which 
these  obser^'ations  were  made  at  every  seventy  steps,  but  we  found  no 
attractions  worth  noting  after  leaving  the  "  range." 

August  25.  This  morning  we  went  out  along  the  wagon  road  to  the 
Gap.  In  the  road,  eighteen  hundred  paces  north,  and  three  hundred 
and  fifty  paces  west  from  the  S.  E.  corner  of  Sec.  15,  we  found  a  ledge 
of  chloritic  quartz  schist.  The  strike  is  nearly  east  and  west,  and  it 
dips  to  the  north.  The  rock  (spec.  140)  has  a  dark  grayish  drab  color 
tinged  with  green;  it  is  fine  grained,  and  somewhat  arenaceous  in  tex- 
ture, of  a  slaty-schistose  structure,  cleaves  readily  into  plates  of  unequal 
thickness,  weathers  to  a  light  drab,  and  is  very  jointed. 

Under  the  microscope^  the  section  of  the  rock  appears  to  be  composed 
of  quartz  grains  and  thin  folia  and  scattered  leaves  of  chlorite.     As 
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accessories  may  be  added  magnetite,  and  yellow  membranes  of  limonite. 
From  here  we  proceeded  to  a  low  granite  ridge,  located  about  six  hun- 
dred paces  north,  and  one  hundred  west,  from  the  S.  K  comer  of  Sec. 
15.  Thence,  turning  due  north,  we  commenced  taking  magnetic  obser- 
vations with  the  dipping  needle  and  dial  compass  at  every  fifty  paces. 
This  ridge  is  about  thirty  feet  in  height,  and,  in  traveling  north,  we 
passed  across  a  wet  piece  of  ground  fifty  paces  in  width;  and  then,  by 
an  easy  ascent  for  four  hundred  paces,  we  reached  tlie  summit  of  the 
range.  The  first  magnetic  attraction  which  was  found  was  at  one 
hundred  pac^  south  of  the  summit,  but  the  attractions  increased  rap- 
idly, with  some  variations,  to  the  north  line  of  the  section.  At  this 
point  a  large  trench  has  been  dug,  but  it  was  partially  filled  up  again 
with  dirt,  concealing  whatever  was  found.  From  the  numerous  pieces 
lying  about,  I  should  judge  the  bed-rock  to  be  a  magnetic  schist. 

Leaving  this  point  we  descended  much  more  rapidly  on  the  north- 
em  side  of  the  range,  the  slope  being  greater  than  on  the  southern 
side. 

The  magnetic  attraction  gradually  weakens,  but  at  two  hundred  paces 
north  of  the  section  line  it  again  revives  for  a  short  distance.  The  varia- 
tions given  by  the  solar  compass  were  to  the  east  and  to  the  southeast  It 
will  be  noticed  that  the  magnetic  belt  is  about  four  hundred  paces  wide  on 
this  line.  Continuing  north,  the  attraction  of  the  dipping  compass  be- 
came zero,  while  tho  variations  of  the  solar  compass  gradually  ceased.  At 
three  hundred  paces  from  the  north  line  of  the  section,  and  on  the  north 
side  of  the  range,  we  came  upon  flat  ground  again,  and,  at  three  hun- 
dred and  fifty  paces  to  the  north,  is  a  low,  narrow  ridge,  having  nearly 
an  east  and  west  trend,  on  the  north  side  of  which  is  a  low  ledge  of 
black  slate.  This  is,  no  doubt,  the  same  bed  that  appears  in  the  rail- 
road cut  some  hundred  paces  northerly  from  the  Penokee  station.  We 
continue  our  course  and  cross  a  small  stream,  the  bed  of  which  is 
thickly  strewn  with  angular  boulders  of  micaceous  quartzite  (No.  130) 
similar  to  No.  126,  before  described,  and  a  black  argillite,  which  is  slaty 
to  flaggy  and  not  as  cleavable  as  a  true  slate.  Still  some  pieces  of  very 
fair  slate  can  be  obtained  with  a  little  care. 

On  the  edges  may  be  often  seen  very  thin  seams  and  gashes  of  iron 
pyrites,  and,  besides  these,  there  are  scattered  in  the  argillite  small  dark 
grains  or  crystals,  which,  under  the  microscope,  are,  apparently,  crystal 
fragments  of  orthoclasc,  impregnated,  possibly,  with  graphite.  They 
often  appear  rounded,  but  the  cleavage  marks  or  lines  of  the  crystal 
may  be  recognized,  and  the  optical  bisectrix  obviously  makes  quite  an 
angle  mill  these  lines.  The  base  of  tho  rock  is  serai-crystalline,  and 
has  a  decided  laminated  strncture.    We  follow  up  the  stream  in  a  west- 
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erly  direction  for  one  hundred  and  fifty  paces,  and  find  the  ledges  from 
which  these  boulders  canie.  The  ledges  arc  located  eight  hundred  and 
fifty  paces  north,  and  two  hundred  west,  from  the  S.  E.  cor.  of  Sec.  10. 
At  this  point  the  ledge  crosses  the  stream,  causing  it  to  form  a  series 
of  small  cascades.  To  the  north  is  quite  an  abrupt  ridge.  The  strike 
of  the  ledge  is  S.  75*  W.,  and  the  dip  is  30'  northerly.  It  was  taken, 
however,  on  a  ledge  outcropping  on  the  side  of  this  ridge,  and  as  it 
dips  into  the  hill  it  is  possible  that  the  rocks  have  been  crowded  over. 
The  strike,  however,  is  reliable,  as  it  was  taken  on  the  low  worn  surface 
of  the  ledge  in  the  bottom  of  the  creek. 

Eetuming  to  where  we  had  left  our  lino  of  operations,  we  proceeded 
north  again  over  a  rolling  surface  for  three  hundred  steps,  when  the 
ground  begins  to  ascend  very  gradually,  and  at  fifteen  hundred  paces 
from  the  south  side  of  Sec.  10,  we  attain  the  summit  of  a  high  ridge, 
which  has  a  trend  of  a  little  south  of  west.  To  the  west  only  a  few 
paces,  by  following  the  ridge,  we  clambered  up  a  ledge  some  thirty  feet 
high,  which  proved  to  be  a  round  bald  knob  of  rock,  commanding  a  fine 
view  of  country.  To  the  north  can  be  seen  parallel  ranges  of  hills 
of  somewhat  less  height  than  the  Penokee.  The  first  of  these,  as  will 
be  directly  seen,  is  made  up  of  granite  and  greenstone  rocks.  The 
country  to  the  east,  for  a  distance  of  eight  miles,  is  easily  made  out 
The  seared  course  of  a  windfall  is  plainly  visible.  Last  year  we  saw 
this  windfall,  in  passing  down  the  Chippewa  river,  as  far  south  as  in 
Sec.  23,  T.  40,  R  5.  In  the  southeasterly  direction,  the  eye  wanders 
over  a  steep  rolling  country.  Bad  river  cannot  be  seen,  but  still  we  can 
trace  it,  in  its  serpentine  windings,  by  the  valley  it  has  formed,  which 
shows  it  to  flow  in  all  possible  directions,  at  times  running  parallel  with 
the  ridge,  and  then  suddenly  turning  at  right  angles  and  breaking 
through  at  some  weak  point,  it  doubles  upon  its  formet  course,  flowing 
along  the  base  of  another  ridge,  as  if  seeking  some  vulnerable  place  to 
cut  its  way  beyond;  and  so  it  flows  onward,  repeating  again  and  again 
the  same  operation.  To  the  west  our  view  is  obstructed  by  the  timber 
which  covers  the  ridge.  The  bald  knob  upon  which  we  are  standing 
is  about  one  hundred  feet  in  height  above  the  general  level  of  the 
country  below  us.  On  the  northeast  and  southeast  it  is  limited  by 
nearly  vertical  walls  of  rock;  but  owing  to  the  large  accumulation  of 
debris,  the  slope  at  the  base  is  probably  not  more  than  45'.  The  bed- 
ding of  the  rock  on  the  top  of  the  knob  is  somewhat  contorted  and  in- 
distinct. On  the  south  side,  the  ledge  has  a  strike  of  N.  85*  W.,  and 
a  dip,  apparently,  to  the  south;  while  on  the  north  side,  the  strike  is 
about  the  same  but  the  dip  is  somewhat  variable,  averaging  50*  to  the 
north.    The  rock  (spec  133)  on  the  south  side  is  a  micaceous  schist. 
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of  a  light  brownish  color,  sprinkled  with  gray.  When  examined  closely 
with  the  lens,  it  appears  arenaceous;  and  brownish  scales  of  mica  may 
be  easily  recognized.  The  dark  color  is,  undoubtedly,  due  to  finely  dis- 
seminated carbon,  for  in  a  thin  section  placed  under  the  microscope  may 
be  seen  minute  particles  of  this  mineral;  in  other  respects,  the  rock  re- 
sembles No.  126.  On  the  north  side  the  rock  (spec  132)  is  a  micaceous 
feldspathic  schist,  of  a  dark  grayish  drab  color,  and  of  an  even,  fine- 
grained texture,  and  somewhat  jointed.  To  the  unaided  eye,  it  resembles, 
strongly,  the  micaceous  schist;  but  with  the  lens,  the  difference  is 
plainly  visible.  TJiider  the  microscope^  a  section  of  the  rock  appears  to 
be  composed,  chiefly,  of  slender  crystals  of  orthoclase,  and  dark  brown 
leaves  of  biotite.  Occasional  grains  of  magnetite  are  also  found. 
Thence  on  our  northern  course,  we  cross  a  stream  about  two  hundred 
paces  from  the  summit  of  the  ridge;  and  at  three  hundred  paces  more, 
we  come  to  the  north  line  of  the  section  (10),  and  go  east  one  hundred 
paces  to  the  N.  E.  corner  of  Sec.  10.  A  little  further,  perhaps  sixty 
steps,  is  a  small  stream  running  southerly. 

To  the  north,  along  the  stream  for  some  disi;ance  in  Sea  2,  are 
almost  continuous  ledges  of  micaceous  quartz  schist.  The  bedding 
'  planes  are  quite  plain  and  tolerably  regular;  their  strike  varying  less 
than  five  degrees  from  N.  82°  "W.,  and  the  dip  45''  to  the  north.  The 
rock  (spec  134)  is  a  light  grayish  drab,  of  a  fine  grained,  even,  arena- 
ceous texture  It  is  faintly  banded,  has  a  schistose  structure,  and  is 
sometimes  flaggy.  On  the  cleavage  planes  may  be  easily  seen  bright 
scales  of  mica.    It  weathers  to  a  light  drab. 

Under  the  myyroBcope^  a  thin  section  examined  in  polarized  light, 
presents  a  very  pretty  chromatic  field,  composed  of  angular  grains  of 
quartz,  crystal  fragments  of  plain  and  striated  feldspar,  and  leaves  of 
brownish  biotite;  also  a  little  muscovite. 

Following  up  the  stream  over  the  ledges  of  rock,  we  find  their  north- 
em  limit  to  be  about  250  paces  north  from  the  southeast  comer  of  Sec 
3,  T.  44,  R  3  "W.  At  this  point,  the  stream  crosses  the  east  line  of 
Sec  3;  and  at  a  distance  of  500  paces,  and  for  the  following  200  paces, 
the  line  mns  along  the  banks  of  the  creek.  At  600  paces  from  the 
S.  W.  cor.  of  Sec.  3,  however,  are  the  first  of  some  ledges  of  reddish 
granite  and  gneissoid  rocks,  intersected  by  veins  of  hypersthene  rock. 
These  ledges  are  very  similar  to  those  found  three  and  one-half  miles 
northeast  from  this  point,  along  the  line  of  tlie  railroad  near  Willis* 
camp.  They  are  very  much  contorted,  and  some  of  the  gneissoid  rocks 
resemble  the  micaceous  quartz  schist  which  we  had  just  passed  over; 
but,  unlike  them,  these  beds  are  very  much  contorted.  At  one  point 
the  strike  was  S.  70**  W.,  and  the  dip  50**  to  the  south;  a  second  obser- 
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vation  taken  at  another  point  a  short  distance  from  this,  showed  the. 
strike  to  be  nearly  east  and  west,  and  the  dip  vertical 

To  the  north  and  northeast  from  this  place,  for  several  hundred 
paces,  the  gronnd  is  ascending  to  the  summit  of  the  ridge  which 
we  observed  from  the  top  of  the  "bald  knob."  Occasionally  a  low 
ledge  of  granite  may  be  seen  outcropping  on  the  side  of  the  hill, 
thus  indicating  the  character  of  the  underlying  rocks.  From  the  first 
granite  ledges,  above  noted,  we  go  southeast  about  four  hundred  paces 
and  examine  some  ledges  of  gneissoid  rocks.  Their  bedding  planes  are 
very  irregular.  The  following  are  the  average  of  several  observations: 
Strike  S.  45°  W.,  S.  65°  W.,  and  dip  70°  to  north,  to  vertical.  As  this 
is  upon  the  ground  to  be  examined  by  Prof.  Irving,  I  will  leave  it,  and 
return  to  that  part  of  the  range  allotted  to  myself.  Starting  from  the 
S.  K  comer  of  Sec.  3,  T.  44,  K.  3  "W.,  we  proceeded  westward,  following 
the  south  line  of  the  section,  and  soon  began  to  climb,  diagonally,  a 
steep  ridge  having  a  trend  of  west  by  south.  At  a  distance  of  about 
500  paces  from  the  starting  point,  we  reach  the  summit,  which  is  per- 
haps 150  feet  high.  Here  we  find  a  dark  grayish  drab  micaceous 
quartz  schist  Wo  took  the  strike  with  our  solar  compass,  but,  ascer- 
taining afterward  that  a  mistake  had  been  made  in  the  time,  we  rejected 
the  result.  The  timber  consists  of  birch,  hemlock  and  other  fir  trees, 
and  will  cut  about  45  cords  to  the  acre. 

Continuing  on  the  ridge,  we  came  to  the  north  quarter-post  of  Sec. 
10,  from  which  point  we  started  southward,  and  descended  for  400 
paces,  which  brought  us  again  upon  low  land,  and,  at  150  paces  fur- 
ther,  we  crossed  a  small  stream,  upon  the  opposite  side  of  which  we  met 
with  a  low  ridge;  and  thence  across  a  short  stretch  of  low,  wet  ground, 
we  came  to  another  low  ridge;  and,  at  1,350  paces,  we  crossed  a  second 
small  stream,  and  soon  began  the  ascent  of  the  range,  which  rises  very 
gradually.  On  attaining  the  summit  of  the  range  we  proceeded  to 
camp.  During  the  day,  at  each  50  or  100  paces,  we  made  magnetic 
observations  with  the  dipping  needle  and  solar-dial  compass,  but  found 
no  attractions  after  leaving  the  Penokee  range. 

Augiut  S6.  We  spent  the  day  in  examining  the  rocks  and  ledges  of 
the  "  Gap,"  and  along  the  line  of  the  railroad,  and,  also,  some  ledges 
on  Bad  river,  in  the  N.  W.  J  of  Sec.  11.  Although  I  had  examined 
il'SQ  rocks  the  year  previous,  I  nevertheless  wished  to  revisit  them 
before  proceeding  further  west  with  our  work;  but  as  I  have  described 
them  in  my  preliminary  report  of  last  year,  and  also  as  the  same  ground 
will  be  covered  by  Prof.  Irving  in  his  report,  I  will  only  mention  one 
member  of  the  ledge  already  referred  to  in  the  N.  "W.  J  of  Sec.  11. 
The  rock  in  question  is  a  chiastolite  schist,  or,  in  other  words,  appears 
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to  be  a  partially  decomposed  argillaceous  mica  schist,  with  crystals  of 
chiastolite  strewn  irregularly  through  it  (for  a  full  description,  see  chi- 
tistolite  schist  in  preceding  chapter,  page  254). 

Augvst  27.  Starting  this  morning  from  our  camp,  we  traveled  due 
west  along  the  range  for  about  one-third  of  a  mile,  when  it  bends 
slightly  to  the  south  for  a  distance  of  nearly  a  hundred  paces,  and  then 
assumes  a  west-northwest  course  for  two  hundred  paces  further.  At 
this  point,  three-quarters  of  a  mile  from  the  S.  K  corner  of  Sec  10, 
the  range  begins  to  descend,  and,  at  two  hundred  paces  more,  a  small 
stream  is  crossed,  which  has  cut  its  way  through  the  range.  Ascend- 
ing the  steep  bank  on  the  west  side,  and  following  along  the  section 
line  on  the  ridge,  we  come  to  the  S.  K  comer  of  Sec  9,  T.  44,  R.  3  W. 
South  from  this  comer  some  fifty  paces  is  a  ledge  of  magnetic  schist* 
beyond  which,  a  short  distance,  is  another  similar  ledge;  and,  at  one 
hundred  paces  south,  is  an  outcrop  of  slaty  quartz  schist  having  a  strike 
of  S.  85*  W.,  and  a  dip  of  40*  to  the  north.  From  here  the  ground  de- 
scends gently  to  the  south  for  a  distance  of  two  hundred  paces,  to  low 
swampy  land.  From  the  section  corner  we  proceeded  north  on  the 
east  line  of  Sec.  9,  and  observed  outcrops  at  points  fifty,  one  hundred, 
and  one  hundred  and  fifty  paces,  respectively,  from  the  comer.  These 
outcrops  consist  of  magnetic  schist;  and.  for  a  distance  of  two  hundred 
paces  beyond,  we  found  the  magnetic  attractions  to  be  quite  strong; 
but  they  gradually  ceased  as  we  continued  north.  The  timber  is 
chiefly  sugar  maple,  birch,  hemlock,  etc,  and  will  cut  forty-five  cords 
of  wood  to  the  acre  —  two-thirds  hard  wood.  As  soon  as  the  range  is 
fairly  passed,  or  at  about  four  hundred  paces  from  the  above  corner, 
the  country  becomes  flat,  and  more  or  less  swampy,  and  the  timber 
consists  of  cedar,  spruce  and  hemlock.  Just  before  arriving  at  the  east 
quarter-post  of  Sec.  9,  we  cross  a  couple  of  small  streams  less  than  one 
hundred  paces  apart,  and  running  to  the  eastward.  After  passing  the 
quarter-post  the  ground  gradually  rises,  and,  in  two  hundred  paces 
more,  we  mount  the  crest  of  the  ridge,  some  eighty  feet  above  the  level 
of  the  country  just  passed  over.  The  ridge  has  a  general  direction  of 
east  and  west,  and  is  probably  a  part  of  the  high  abrupt  one  already 
noted  on  the  east  line  of  Sec  10,  one  mile  east,  and  tliree  hundred 
paces  north  from  here.  On  the  south  side  of  this  ridge  is  a  low  ledge 
of  micaceous  quartz  schist.  It  is  plainly  bedded,  faintly  banded,  and 
has  a  strike  of  S.  85*  W.,  and  a  dip  of  65'  to  the  north.  The  northern 
limit  of  the  ridge  is  reached  at  four  hundred  paces  from  the  quarter- 
post  The  land  is  slightly  undulating,  and  is  covered  with  hemlock, 
birch,  and  fir,  which  would  yield  fifty  cords  of  wood  to  the  acre  —  one- 
fourth  Uf^rd  wood. 
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When  within  two  hundred  and  fifty  paces  of  the  N.  E.  corner  of  Sec. 
9,  wo  crossed  a  small  stream  running  eastward.  Proceeding  north- 
ward from  the  comer,  the  land  becomes  higher  and  is  covered  with 
sugar  maple,  birch  and  fir,  and  will  yield  fifty  cords  of  wcoi  per  acre, 
one-third  hard  wood. 

Turning  westward,  and  proceeding  for  five  hundred  paces,  we  cross 
the  east  line  of  Sec.  4,  T.  44,  R.  3  W.,  and  continuing  on  this  course, 
we  find  on  the  southeast  side  of  the  above  ridge,  an  outcrop  of  mas- 
sive diorite,  which  is  530  paces  north  and  540  west  from  the  corner 
above  mentioned.  It  affords  no  signs  of  bedding,  and,  to  the  unaided 
eye,  it  appears  very  similar  to  some  of  the  fine  grained  diabases  of 
the  Menominee  region,  south  of  Quinnesec  Falls.  The  rock  (spec. 
151)  has  a  dark-green  color,  and  a  fine-grained,  crystalline  texture,  is 
very  tough,  not  easily  fractured,  and  only  slightly  jointed. 

Under  the  microscojpe^  it  is  seen  to  consist  of  slender,  striated  crys- 
tals of  feldspar,  and  amphibole.  The  latter  occurs  in  bushy  frag- 
ments;  still,  it  is  easily  made  out  by  the  position  of  its  optical 
bisectrix  with  reference  to  the  axis  of  the  fibers  composing  the  crys- 
tal fragments.  A  few  opaque  grains  and  long,  narrow  fragments 
resembling  magnetite  and  titanic  iron  ore  (menaccanite),  are  contained. 
On  the  north  side  of  this  ridge,  but  not  more  than  twenty  paces  from 
the  diorite  ledge,  is  an  outcrop  of  a  coarse  grained  diabase;  and  a  lit- 
tle further  west,  in  Sec.  4,  500  paces  north,  and  950  west,  are  some 
other  ledges  of  diabase  (spec.  152).  The  rocks  are  of  a  medium 
to  coarse  grained  texture  and  of  a  dark-greenish  gray  color.  The 
facets  of  labradorite  are  plainly  visible  and  constitute  at  least  nine- 
tenths  of  the  rock.  Scarcely  any  augite  can  be  seen,  but  scattered 
through  the  mass  are  some  black  grains  of  mcnacconite,  which  have 
a  bright  metallic  lustre.  They  are  only  slightly  magnetic,  but  give 
the  titanic  reaction  with  phosporus  salt  and  tin.  On  a  weathered 
surface  these  grains  form  knotty  projections.  There  is  also  contained 
a  little  biotite. 

Under  the  miavscope^  the  beautiful  striated  crystals  of  labradorite 
cannot  be  mistaken.  The  other  minerals  above  mentioned  are  easily 
recognized,  as  is  also  a  little  chlorite.  This  rock  bears  a  strong  re- 
semblance to  the  greenstone  found  associated  with  granite  at  Willis' 
camp  on  the  line  of  the  railroad,  and  possibly  may  be  considered  as 
hypersthene  rock.  Going  now  south,  the  next  ledge  of  rock  found 
outcropping  is  on  the  west  end  of  a  ridge,  325  paces  north  and  1,025 
west  from  the  S.  E.  corner  Sec.  4,  T.  44,  R.  3  W.  A  fine  exposure  is 
here  seen,  owing  to  the  overturning  of  a  tree,  which  has  uncovered  a 
good  space  of  the  ledge.    It  is  a  gnessoid  rock,  or,  perhaps,  a  mica- 
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ceous  quartz  schist.  The  bedding  planes  are  very  much  contorted. 
The  average  strike  appears  to  be  N.  35'  W.,  and  the  dip  vertical. 
The  rock  (spec  153)  has  a  dark  steel  gray  color  and  is  fine  grained ; 
disseminated  throngh  it  are  small  bronzy  colored  scales  of  biotite. 

Under  the  microscojpe^  the  section  resembles  a  micaceous  quartz 
schist.  Considerable  orthoclase  and  oligoclase  feldspar  are  contained, 
though  quartz  constitutes  at  least  two-thirds  of  the  rock.  Next  in 
abundance  is  the  biotite;  and  numerous  opaque  grains  of  either  mag- 
netite or  menacconite  are  present.  One  fact  should  be  observed  here, 
and  that  is  the  similai'ity  of  this  ledge  to  the  gneissoid  rock  already 
noted,  located  700  paces  north  and  50  west,  in  Sec.  3,  especially  as 
regards  their  relative  position  to  the  micaceous  quartz  schist  to  the 
south.  I  endeavored  to  detect  under  the  microscope  the  presence  of 
some  salt  solution  inclusions,  hoping  thereby  to  aid  in  establishing  a 
nearer  relationship  between  this  and  the  upper  granite,  but  failed  to 
discover  any.  Continuing  the  same  course  and  passing  over  a  ridge, 
we  came  to  the  south  quarter-post  of  the  section,  which  locality  has 
been  described  in  the  foregoing  pages.  We  then  proceeded  south 
through  the  center  of  Sec.  4,  and  very  soon  came  to  a  ridge;  and,  at 
300  paces,  crossed  a  narrow  swamp  about  100  paces  in  width;  and,  at 
500  paces  from  the  north  line  of  the  section,  is  the  west  end  of  a 
ridge,  the  same  one  wo  crossed  five  hundred  paces  to  the  east  For 
the  succeeding  five  hundred  paces,  to  the  center  of  the  section,  the 
country  is  slightly  rolling  and  is  timbered  with  hemlock,  birch,  and 
sugar  maple,  suflicient  to  yield  about  fifty  cords  of  wood  per  acre, 
one-half  hard  wood.  The  following  five  hundred  paces  is  through  a 
cedar  swamp,  on  the  south  side  of  which  is  the  trail  to  English  lake; 
and,  at  three  hundred  paces  beyond,  begins  the  long  slope  of  the  Pe- 
nokee  range.  Here  we  find  the  first  magnetic  attractions  which  we 
have  detected  since  leaving  the  range  in  the  morning.  The  attraction 
increases  rapidly  as  we  move  forward,  and  in  one  hundred  paces  more 
our  compasses  indicate  a  variation  of  86  *  to  the  east,  and  a  dip  of 
50*.  The  south  quarter-post  is  on  the  north  side  of  the  range,  about 
one  hundred  and  fifty  paces  from  its  summit.  Following  on  the 
ridge,  easterly,  we  returned  to  camp.  An  occasional  ledge  of  mag- 
netic  schist  shows  itself  above  the  surface  along  the  ridge. 

On  the  morning  of  the  28th  we  packed  our  effects  and  moved  camp 
to  the  east  line  of  Sec.  18,  T.  44,  R.  3  W.,  five  hundred  paces  in  a 
southerly  direction,  from  its  northeast  corner,  but  owing  to  the  diffi- 
culty which  we  experienced  in  finding  the  section  corner,  it  was  quite 
late  before  we  reached  our  new  camping  ground,  and,  also,  the  weather 
being  cloudy,  we  were  unable  to  make  any  observations  with  the  solar 
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compass.    Near  our  camp  was  a  small  stream  which  has  its  source  in 
the  rauge. 

August  29.  We  started  this  morning  to  the  north,  making  mag- 
netic observations  as  heretofore.  See  diagram  of  Sec.  8,  T.  44,  K.  3  "W., 
plate  XXIII. 

The  country  between  our  camp  and  the  N.  E.  comer  of  Sec.  18  is 
rolling,  and  from  the  corner,  north,  we  descend  an  easy  slope  for  two 
hundred  paces  or  upwards.  The  timber  is  sugar  maple,  birch,  hem- 
lock and  other  fir  trees,  sufficient  to  yield  fifty  cords  to  the  acre,  two- 
thirds  hard  wood.  Succeeding  this  is  low  ground,  which  is  more  or  less 
swampy  and  covered  with  hemlock,  cedar,  etc.  "We  pass  around  the 
west  side  of  English  lake,  and  cross  a  small  stream  running  into  the  lake. 
The  land  continues  to  be  of  the  same  character  to  the  northwest  side  of 
the  lake,  when  it  becomes  much  higher  and  the  timber  is  an  excellent 
quality  of  hard  wood.  Near  where  the  section  line  intersects  the 
lake,  is  an  old  clearing;  and,  at  three  hundred  paces  to  the  northeast, 
is  another  clearing  with  a  good  log  cabin.  The  shores  of  this  lake 
were  probably  once  a  fine  hunting  ground,  judging  from  the  number 
of  old  dead  falls  and  other  devices  for  entrapping  wild  animals.  A  low 
ledge  of  massive  diabase,  the  first  we  have  seen  this  morning,  occurs 
one  hundred  paces  north,  and  fifty  paces  west,  of  the  N.  E.  corner  of 
Sec.  6.  The  rock  is  coarse  grained  and  resembles  that  seen  north  of 
the  south  quarter-post  of  Sec.  4. 

Procseding  three  hundred  paces  north  from  what  would  be  the  S. 
W.  corner  of  Sec.  5,  T.  44,  R.  3,  which  corner  is  in  the  lake,  we  turned 
east  and  continued  on  this  course  to  the  outlet  of  English  lake,  pass- 
ing over  several  outcrops  of  diabase,  some  of  which  are  large  and  form 
ridges  of  from  fifty  to  one  hundred  feet  in  height.  The  rock  is  fine 
to  coarse  grained.  Among  the  lattftr  varieties,  the  labradorite  crys- 
tals are  frequently  two  inches  across.  It  is  probable  that  some  of 
these  are  diorites  and  uralites.  Near  the  mouth  of  the  outlet  on  the 
west  bank,  three  hundred  paces  north,  and  one  thousand  paces  west, 
from  Sec.  5,  T.  44,  E.  3  W.,  is  a  bluff  of  massive  greenstone  some 
sixty  feet  high;  the  rock  is  dark  greenish  black,  and  has  a  medium 
crystalline  texture;  the  hornblende  is  deep  greenish  black  and  the 
cleavage  facets  are  easily  made  out. 

Under  the  microscoj>e,  the  rock  (spec.  157)  appears  to  be  composed 
chiefly  of  dark  green  hornblende  with  a  little  oligoclase  and  augite. 

Following  dovm  this  stream  for  five  hundred  paces,  we  pass  over 
some  ledges  of  greenstone,  causing  in  the  stream  small  falls  or  cascades. 
From  here  we  skirted  along  the  west  bank  and  ridge,  examining  the 
massive  outcrops  of  greenstone  which  occur  in  the  vicinity,  and  which  . 
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are  chiefly  diabase,  though  some  of  the  finer  grained  ones  may  be  di- 
orites  and  uralites.  The  timber  is  of  good  quality,  consisting  of  sugar 
maple,  birch,  hemlock,  elm,  iron  wood  and  fir,  and  will  yield  fifty-five 
cords  of  wood  per  acre  —  three-fourths  hard  wood. 

The  creek  crosses  the  north  line  of  the  section  at  a  distance  of  five 
hundred  and  fifty  paces  from  the  northeast  corner.  There  are  blufi^s 
of  diabase  here  having  an  apparent  strike  of  N.  20*  W.,  and  a  dip  of 
60*  to  the  south.  The  bedding  planes  are  very  obscure  and  consequently 
cannot  be  made  out  with  certainty.  Going  east  on  the  section  line 
some  one  hundred  and  fifty  paces,  we  found  a  ledge  of  diabase,  and  at 
one  hundred  paces  farther  a  small  creek;  beyond  this,  about  fifty 
paces,  occurs  another  ledge  of  diabase. 

Traveling  now  for  two  hundred  paces  along  the  north  slope  of  a 
^'^^S^j  gradually  ascending,  we  arrive  at  the  N.  E.  corner  of  Sec.  5,  T. 
44,  K.  3  W,y  and  turning  thence  to  the  south,  we  reach,  in  about  one 
hundred  paces,  the  summit  of  the  ridge,  which  is  about  one  hundred 
feet  above  the  general  level  of  the  surrounding  country;  at  the  foot  is 
a  ledge  of  diorite  traversed  by  granite  veins  having  a  northerly  direc- 
tion. The  diorite  (spec.  160)  is  of  a  greenish  black  color,  speckled 
with  gray,  and  of  an  even,  fine  grained  texture.  It  is  massive  and 
jointed,  but  it  is  diflacult  to  distinguish  any  of  the  mineral  ingredi- 
ents. Under  tlie  microscope^  however,  the  section  shows  about  an 
even  mixture  of  hornblende  and  feldspar,  the  latter  consisting  of  or- 
thoclase  and  of  oligoclase,  each  in  nearly  the  same  proportion. 

Following  the  section  line  south  along  the  ridge,  we  come  to  a 
ledge  of  syenite  sytuated  at  seventeen  hundred  and  fifty  paces  to  the 
north,  and  two  thousand  paces  west  of  the  S.  E.  corner  of  Sec  4,  T. 
44,  Jt.  3  "W.,  having  a  strike  of  north  45*  west,  and  dipping  at  a  high 
angle  to  the  north. 

The  rock  (spec.  161)  is  of  a  reddish  gray  color  mottled  with  black, 
and  is  of  an  even,  medium-grained  texture;  many  of  the  feldspar 
facets  are  a  quarter  of  an  inch  in  length,  while  the  crystals  of  horn- 
blende are  seldom  as  large.  The  orthoclase,  quartz,  oligoclase  and 
hornblende,  are  easily  made  out  under  the  microscope,  and  are  con- 
tained in  quantity  nearly  in  the  order  mentioned,  the  orthoclase  being 
most  abundant  and  the  hornblende  least  so.  The  orthoclase  crystals 
are  quite  large  and  are  much  more  altered  than  the  smaller  crystals 
of  oligoclase.  The  quartz  grains  are  large  and  angular,  and  seem  to 
have  crystallized  m  situ.  Under  a  magnifying  power  of  eight  hun- 
dred diameters,  there  may  be  observed  in  the  quartz  grains  numerous 
fluid  inclusions,  which  are  of  a  saline  character  and  contain  a  small 
'  crystal  cube  of  salt,  and  frequently  two  dark  bubbles  are  also  seen. 
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The  bubble  has  onlj  a  slow  motioa  when  compared  to  those  of  pur*} 
water  or  liquid  carbonic  acid. 

Proceeding  again  southward,  we  find  another  granite  ledge,  fifteen 
hundred  paces  north  and  nine  hundred  paces  west  from  the  S.  E.  cor- 
ner of  Sec.  4,  T.  44,  K.  3  W.    This  ledge  is  composed  of  granite  on 
the  east  side  and  of  greenstone  on  the  west,  the  line  of  junction  having 
a  trend  of  N.  30'  W.  to  N.  45*  W.,  and  dips  to  the  southwest.    From 
the  strike,  it  would  appear  that  this  ledge  and  the  one  which  is  two 
hundred  and  fifty  paces  to  the  north,  are  of  the  same  bed.    Advancing 
two  hundred  paces,  we  turn  eastward  to  avoid  a  swamp,  which,  appar- 
ently, extends  in  a  southwesterly  direction  to  the  lake;  and,  continuing 
this  course  for  one  hundred  paces,  we  find  a  ledge  of  diorite  outcrop- 
ping on  the  west  side  of  a  ridge.    The  rock  (spec.  162)  has  a  very 
dark  green  color,  and  a  fine  grained,  crystalline  texture;  is  massive 
and  jointed,  and  weathers  to  a  medium  drab.   The  mineral  ingredients 
cannot,  even  with  the  aid  of  a  stronp:  lens,  be  satisfactorily  made  out; 
but,  under  the  microscope,  this  uncertainty  disappears,  since  the 
essential  minerals,  oligoclase  and  amphibole,  are  then  easily  recog- 
nized.   Tlie  former  presents  slender  striated  crystals,  which  are  fre- 
quently enclosed  by  the  amphibole;  a  little  magnetite  is  also  contained. 
From  this  point  we  changed  our  course,  and  proceeded  in  a  southerly 
direction,  passing  over  a  low,  undulating  surface,  covered  principally 
with  birch  and  fir.    At  a  point  four  hundred  and  sixty-five  paces 
north  and  sixteen  hundred  paces  west  from  the  S.  E.  corner  of  Sec.  4, 
T.  44,  R  3  W.,  is  an  outcrop  of  diorite  on  the  edge  of  a  swamp. 
The  ledge  is  massive,  the  rock  having  a  dark  green  color  mingled 
with  gray.    The  facets  of  the  hornblende  are  plainly  visible,  and  in 
the  grayish,  fine  grained  base  the  smaller  ones  of  feldspar  may  be 
recognized  with  the  aid  of  a  strong  lens;  while  evenly  distributed  in 
the  mass  are  bronze  colored  scales  of  mica.    Following  around  the 
east  end  of  the  lake,  we  passed  over  some  swampy  ground  to  the  west 
quarter- post  of  Sec.  9,  T.  44,  E.  3,  and  from  thence  to  the  S.  W.  cor- 
ner of  the  section.    After  leaving  the  above  west  quarter-post,  the 
timber  is  mostly  hemlock,  birch  and  fir,  and  would  yield  forty -five 
cords  of  wood  to  the  acre,  one-fourth  hard  wood.     Before  reaching 
the  corner,  the  magnetic  attractions  were  again  observable.    (See 
accompanying  diagram  of  Sec.  8.)    Returning  to  camp,  along  the 
south  side  of  Sec.  8,  we  crossed,  at  a  point  three  hundred  and  fifty 
paces  from  the  quarter-post,  a  small  stream,  having  its  source  in  the 
range,  and  at  thirteen  hundred  and  fifty  paces  we  crossed  another 
similar  stream. 
Some  idea  may  be  formed  of  the  character  of  the  drift  by  examining 
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the  beds  of  these  streams.  Their  banks  are  often  high,  and  very  sel- 
dom  has  the  water  worn  its  way  to  the  solid  ledge.  The  beds  of  the 
streams  are  strewn  with  ronnded  boulders  of  granite,  or  coarse  grained 
diabase,  and  I  did  not  observe  among  them  any  rocks  belonging  to 
the  lower  Iluronian.  This  latter  fact,  however,  is  precisely  what  we 
should  expect,  since  the  Iron-bearing  series  are  simply  altered  sedi- 
mentary rocks,  which  were  tilted  up  after  they  were  formed,  and  sub- 
sequently the  upper  anticlinal  folds  were  worn  away,  in  part,  no 
doubt,  by  glacial  action.  Tlie  glaciers  passing  over  them  from  the 
north  bore  the  abraded  material  to  the  southward,  this,  in  turn,  being 
replaced  by  the  foreign  drift  from  the  north. 

August  30.  Going  south  from  our  camp  the  ground  rises  very 
gradually,  and  we  enter  immediately  upon  fine  hard-wood  land.  The 
magnetic  attractions  near  the  camp  give  a  decided  variation  to  the 
east,  and  a  negative  dip;  but  the  latter  soon  changes  to  a  positive  dip 
as  we  proceed  south.  It  will  be  seen  from  the  accompanying  diagram 
of  Sec.  18,  Plate  XXIV,  that  these  attractions  cover  a  wide  belt  of 
country. 

Following  the  east  line  of  Sec.  18,  we  come  to  the  southern  edge  of 
the  range,  where  it  is  terminated  by  a  steep  ledge  of  magnetic  schist, 
having  a  strike  of  S.  60*  W.,  and  a  dip  to  the  north.  This  point  com- 
mands the  broadest  view  I  ever  chanced  upon  in  the  woods,  extending 
to  the  south  for  twenty  miles,  and  to  the  east  for  a  still  greater  dis- 
tance. In  this  direction  may  be  seen  a  high  range  running  south- 
westerly, and  the  old  windfall  may  be  traced  as  far  as  the  eye  is  able 
to  distinguish  it.  This  blnfi^,  upon  which  we  stand,  is  about  two  hun- 
dred and  fifty  feet  above  the  general  level  of  the  country  adjacent 
With  one  more  sweeping  glance  over  the  broad  plain  which  we  have 
been  contemplating,  we  turn  reluctantly  to  the  westward,  and,  pro- 
ceeding for  five  hundred  paces  across  a  valley,  we  reach  another  ridge 
having  a  trend  to  the  southwest,  which  we  follow,  reaching  the  south 
quarter-post  of  Sec.  18,  which  is  on  the  south  side  of  the  range.  We 
passed  an  occasional  ledge  of  magnetic  schist;  and  a  short  distance  to 
the  east  is  an  outcrop  of  chloro-quartz  schist  (YI),  similar  to  those  ; 

further  east.  Following  now  the  section  line  west,  we  soon  pass  the 
ridge  and  cross  another  valley,  which  is  about  two  hundred  paces  , 

wide,  and  which  is  succeeded  by  another  ridge,  and  in  two  hundred  i 

paces  further  on  we  arrive  at  the  S.  W.  corner  of  the  section,  situated  ; 

on  the  north  side  of  the  range.  There  are  several  ledges  on  this  line, 
but  they  can  be  best  understood  from  the  diagram  of  Sec.  18. 

From  this  corner,  going  north,  we  took  magnetic  observations  at 
each  fifty  paces,  which  are  shown  on  the  accompanying  diagram  of 
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Sec.  18,  T.  44,  E.  3  W.  The  range  drops  off  very  gradually  for  some 
seven  hundred  paces,  and  the  country  becomes  rolling.  At  thirteen 
hundred  paces  north  from  the  comer,  we  pass  over  quite  a  ridge, 
covered  with  fine  hemlock  timber.  This  ridge  is  probably  underlain 
'  by  micaceous  quartz  schist,  though  we  saw  no  outcropping  of  rocks. 
This  ridge  is  succeeded  by  a  cedar  swamp,  where  a  small  stream 
crosses  the  line  at  sixteen  hundred  and  fifty  paces  from  the  corner 
from  which  we  set  out.  The  northwest  corner  is  located  on  a  ridge, 
which  is  set  off  from  the  line.  Turning  east,  we  proceed  along  the 
north  line  of  Sec.  18,  through  land  that  is  low,  and  often  swampy. 
The  high  land  is  timbered  with  hemlock,  birch  and  fir,  and  the  swamp 
with  cedar  and  birch.  At  two  hundred  paces  east  from  the  quarter- 
post  is  a  small  stream,  running  past  our  camp.  Its  banks  are  quite 
high,  but  no  ledges  could  be  seen.  Proceeding  three  hundred  paces 
further  along  the  north  bank  of  this  stream,  we  then  changed  our 
course,  and  went  southeast  to  camp,  following  along  the  bed  or  banks 
of  the  stream. 

Atigust  31.    Starting  this  morning  from  the  N".  E.  corner  of  Sec.  18 
we  went  due  northeast,  to  the  center  of  the  S.  W,  J  of  Sec.  8,  a  dis- 
tance of  seven  hundred  paces,  and  thence  due  southeast  the  same  dis- 
tance,  arriving  at  the  south  quarter-post  of  this  section.    The  north 
half  of  Sec.  8  is  swampy,  but  the  southerly  portion  is  rolling,  the  tim- 
ber consisting  of  hemlock,  sugar  maple,  birch,  ironwood,  fir,  and 
cedar;   and  yielding  fifty  cords  to  the  acre  —  one-half  hard  wood. 
We  continued  in  a  southerly  direction,  and  began  immediately  the 
easy  ascent  of  the  Penokee  range;  and,  at  eight  hundred  and  fifty 
paces,  the  summit  of  the  narrow  ridge  is  reached,  where,  outcropping 
on  the  north  side  of  the  crest,  is  a  ledge  of  magnetic  schist,  and  fifty 
paces  to  the  south  is  a  heavily  bedded  quartzite.     On  the  south  side 
of  the  slope,  about  twenty  paces  from  the  top,  is  a  ledge  of  chloro- 
quartz  schist.    These  ledges  have  a  strike  of  S.  68"  W.,  and  a  dip  of 
45*  to  the  north.    The  range  descends  rapidly  to  the  south  into  low, 
wet  ground.     This  is  a  characteristic  topographical  feature  of  the 
country  in  the  Marquette  iron  region  lying  between  the  lower  mag- 
netic schist  and  the  granitic.    Usually,  in  that  district,  this  low  belt 
of  ground  is  underlaid  by  magnesian  limestone  (V)  and  mica  schist, 
which,  owing  to  their  perishable  nature,  are  seldom  found  outcrop- 
ping.    The  same,  I  think,  is  true  here.     We  travel  S.  68"  W.,  and 
skirt  along  the  southern  edge  of  the  range,  and  observe  the  chloro- 
quartz  schist  (VI)  outcropping  at  several  points.    Just  east  of  the 
center  of  Sec.  17  is  a  ledge  of  chloro-quartz  schist  (V),  and  overlying 
it  is  a  gray  quartzite  (V?)  which,  because  of  its  unchangeable  appear- 
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ance,  and  from  its  occupying  geologically  the  same  position  along  the 
range,  is  easily  recognized  (spec.  164).  It  is  of  a  light  greenish  gray 
color,  speckled  with  a  few  minute  bunches  of  chlorite,  and  possesses 
a  semi-vitreous  texture.  Some  portions  of  the  bed  are  arenaceous, 
and  present  the  appearance  of  a  highly  indurated  sandstone.  It  is 
jointed  and  heavily  bedded,  though  the  bedding  planes  are  not  appar- 
ent to  the  unaided  eye  in  the  hand  specimens. 

Vnder  the  microscope^  the  section  presents,  in  the  polarized  light, 
a  very  pretty  field,  composed  chiefly  of  almost  limpid,  brightly  col- 
ored, angular  grains  of  quartz.  The  dark  green  bunches  consist  of 
chlorite,  with  a  few  fibres  of  actinolite,  which  may  be  readily  distin- 
guished by  the  respective  positions  of  their  optical  bisextrices  to  their 
crystal  axes,  or  simpler  still,  by  using  only  one  nicol  and  testing 
their  dichroism. 

Turning  northwest  from  the  center  of  Sec  17,  we  pass  over  the 
range.  On  the  ridge  is  a  windfall,  and,  three  hundred  paces  from  the 
centre,  is  a  ledge  of  actinolo-magnetic  schist,  which  is  twelve  hundred 
paces  north,  and  twelve  hundred  west  from  the  S.  E.  corner  of  Sec  17, 
T.  44,  K.  3  W.,  and  which  has  a  strike  of  S.  65'  W.,  and  a  dip  of  40* 
to  the  north.  As  this  ledge  appears  to  be  quite  characteristic  of  the 
magnetic  schist  already  noted,  we  will  examine  it  a  little  more  closely. 
It  (spec.  166)  is  dark  bluish  gray,  aphanitic  in  texture,  and  has  a 
banded,  slaty  structure,  cleaving  readily  into  small  plates  of  variable 
thickness.  The  actinolite  cannot  be  recognized  in  the  hand  specimen, 
even  with  the  aid  of  a  strong  lens,  but  under  the  microscope,  the  base 
of  the  rock  appears  to  consist  entirely  of  minute  fibres  of  actinolite 
and  quartz,  evenly  distributed,  but  having  no  common  direction.  An 
occasional  radiated  bunch  of  anthophyllite  may  be  seen,  and  in  the 
reticulated  mass  are  scattered  the  grains  of  magnetite.  On  the  same 
course,  we  descend  the  range  through  fine  hard  wood  country,  which, 
just  before  reaching  the  centre  of  the  N.  E.  J  of  Sec.  17,  suddenly 
changes  to  hemlock,  birch,  maple  and  fir,  and  will  cut  fifty  cords  per 
acre  — one-fourth  hard  wood.  This  change  in  the  quality  of  the  timber 
is  very  noticeable  all  along  the  range.  Crossing  a  small  stream  at  about 
two  hundred  paces  further  on,  we  ascended  a  broad,  low  ridge.  Beach- 
ing the  N.  W,  corner  of  Sec.  17,  we  returned  to  camp,  and  thence 
went  due  soutlieast  The  ground  suddenly  rises  as  we  approach  the 
range  in  this  direction;  and  on  the  summit  we  find  two  outcrops  of 
magnetic  schist,  having  a  strike  of  S.  60*  W.,  and  a  dip  of  40*  to  the 
north.  On  the  south  slope  of  the  range  is  a  ledge  of  chloro-quartz 
schist,  which  is  eight  hundred  feet  north,  and  thirteen  hundred  feet 
west  from  the  S.  E.  corner  of  Sec.  17,  T.  44,  R  3  W. 
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Proceeding  now  southwesterly  to  the  center  of  the  southwest  quar- 
ter of  the  section,  we  turn  northwest  and  descend  the  range  on  its 
northern  slope  to  the  west  quarter-post  of  the  section.  Here  is  a 
windfall  about  one  hundred  paces  wide,  having  an  easterly  and  west- 
erly direction.  We  continue  the  same  course,  and  descend  a  gradual 
slope  for  three  or  four  hundred  paces,  when  the  land  becomes  rolling, 
but,  at  ten  hundred  paces  from  the  quarter-post,  it  drops  off  into  low 
ground.  This  slope  has  a  trend  of  east-northeast.  From  the  north 
quarter-post  of  Sec.  18,  we  went  south,  and,  at  five  hundred  paces, 
ascended  the  opposite  slope.  Just  south  of  the  center  begins  the 
north  slope  of  the  Fenokec  range,  though  its  summit  is  not  reached 
until  passing  one  hundred  and  fifty  paces  further,  beyond  the  south 
quarter-post  of  the  section.  At  this  point  is  an  outcrop  of  magnetic 
schist. 

Following  the  south  line  of  the  section  for  three  hundred  paces 
east,  we  come  to  a  low  ledge  of  chloro-quartz  schist  (YI),  and  travel- 
ing along  the  south  side  of  the  range  for  two  hundred  paces  more,  we 
turned  north  and  passed  over  the  crest  of  the  range,  at  a  distance  of 
six  hundred  paces.  Near  here  are  several  ledges  of  magnetic  schist, 
which  dip  25*  to  the  northwest  Continuing  north  down  the  gentle 
slope  of  the  range,  we  came  to  the  center  of  the  Is".  E.  J  of  Sec.  18, 
and  then  turned  east;  and,  at  three  hundred  paces,  crossed  the  small 
stream  that  flows  past  our  camp. 

September  3.  We  started  this  morning  with  our  camp  equipage  and 
proceeded  to  the  east  quarter-post  of  Sec.  18,  and  thence  in  a  south- 
westerly  direction  about  two  hundred  paces,  wo  reached  some  low 
ledges  of  magnetic  schist,  having  a  strike  of  S.  50*  W.,  and  a  dip  of 
40*  to  the  north.  Continuing  on  the  range,  and  following  the  south 
line  of  Sec.  18  for  a  distance  of  eighty  rods  from  the  quarter-post,  we 
laid  down  our  packs  and  went  north.  It  will  be  seen  by. examining 
the  diagram  that  the  variation  is  to  the  west,  and  that  the  dip  is  nega- 
tive until  reaching  a  point  three  hundred  paces  north  of  the  south 
line  of  the  section,  when  the  variation  changes  to  the  east  and  the  dip 
becomes  strongly  positive,  showing  that  the  line  passes  over  a  strongly 
magnetic  belt.  At  six  hundred  paces  north,  the  variation  was  wholly 
west,  owing  to  the  influence  of  a  high  ledge  of  magnetic  schist,  which 
has  an  extent  of  nearly  a  quarter  of  a  mile.  (See  plate  XXIV.)  This 
ledge  terminates  very  abruptly  on  its  east  and  southeast  side,  and  is 
from  ten  to  thirty  feet  high.  Its  strike  is  about  as  appears  on  plate 
XXIV,  and  the  dip  of  its  bedding  planes,  on  the  southwest  portion 
of  the  ledge,  is  45*  to  the  northwest;  but  it  gradually  becomes  less, 
and  is  only  20*  at  the  northeast  end  of  the  ledge.  This  flattening  out 
Vol.111.— 18 
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in  the  dip  of  the  strata,  necessarily  makes  the  formation  appear  much 
broader  on  the  surface,  and  the  range  being  very  regular  on  its  south- 
ern edge,  causes  the  overlying  strata  to  make  a  sharp  bend  to  the 
north,  as  is  represented  on  plate  XXIV. 

Descending  the  north  slope  of  the  range,  which  is  quite  sharp,  we 
proceeded  north,  and  found  that  the  magnetic  attractions  continued 
until  we  had  passed  the  center  line  of  the  section,  when  they  nearly 
ceased. 

At  fourteen  hundred  paces  north  from  the  south  line  of  the  section, 
is  the  low  ridge  already  noted  further  east,  and,  continuing,  we  soon 
reached  a  cedar  swamp,  which  extends  beyond  the  north  line  of  the 
section.    Returning  now  to  the  range,  we  went  westward  again  along 
the  south  line  of  Sec.  18  to  the  southwest  comer  of  the  section,  and, 
continuing  this  westerly  course,  we  proceeded  along  the  south  line  of 
Sec  13,  T.  44,  K  4  W.,  on  the  north  slope  of  the  range,  which  turns 
a  little  to  the  northwest;  and,  at  three  hundred  paces  from  the  comer, 
the  section  line  crosses  the  ridge,  but  at  this  point  the  range  suddenly 
terminates,  and  we  descend,  in  the  next  two  hundred  paces,  a  hundred 
feet.  (See  plate  XXV.)  At  four  hundred  paces  further  is  a  low  ridge, 
formed  of   magnetic  schist.     Passing  this,  and  also  another  similar 
one  at  one  hundred  paces  still  beyond,  we  cross  a  narrow  valley  and 
begin  the  ascent  of  the  opposite  side,  and  at  one  hundred  and  fifty 
paces  west  of  the  quarter-post  we  descend,  diagonally,  a  steep  side 
hill,  having  a  northwesterly  trend,  which  is  about  one  hundred  and 
forty  feet  above  the  general  level  of  the  country.    At  five  hundred 
paces  west  from  the  quarter-post,  we  camped  on  the  edge  of  a  cedar 
and    tamarac  swamp.      On    plate   XXV   is  noted  an    outcrop  of 
magnetic  schist,  located  two  hundred  paces  west  from  the  S.  K  cor, 
of  Sec.  13,  having  a  strike  of  N.  80*  W.,  and  a  dip  of  65*  northerly. 
Four  hundred  and  fifty  paces  west  from  the  above  corner  is  another 
ledge  of  magnetic  schist,  with  a  strike  of  N.  65  *  W.,  and  a  dip  of  85  * 
northerly;  but  only  fifty  paces  further  west  from  this  point  the  strike 
is  K  30  •  E.,  and  the  dip  20*  northwesterly.     Five  hundred  and  fifty 
and  six  hundred  paces,  respectively,  are  other  ledges  of   magnetic 
schist  having  a  similar  strike  and  dip,  but  at  seven  hundred  and  fifty 
paces  the  strike  on  an  extensive  ledge  of  magnetic  schist  is  N.  20  *  R, 
and  the  dip  is  20  *  northwesterly.    At  about  fifty  paces  west  from  the 
south  quarter-post  of  Sec.  13  is  a  large  outcrop  of  magnetic  schist 
having  a  strike  of  N.  20  •  W.,  and  a  southerly  dip  of  45  *.     We  should 
naturally  expect  this  dip  to  be  northeasterly.    The  singularity  of  the 
structure  became  understood,  however,  when  we  found  in  the  N.  K 
qr.  of  Sec,  2^,  T.  44,  R  4  W.  (see  plate  XXV),  a  continuous  ledge  of 
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magnetic  schist  having  a  strike  of  N.  47 '  W.,  and  at  its  northwest 
extremity  the  dip  was  55  *  southwesterly,  and  at  seventy  paces  south- 
easterly therefrom  the  dip  is  70  *.  At  one  hundred  and  ten  steps  the 
bedding  planes  become  vertical;  at  fifty  steps  further  the  dip  is  70  • 
northeasterly,  and  at  seventy  steps  more  we  have  a  dip  of  60  *  north- 
easterly. The  bedding  planes  are  not  contorted  and  the  formation  is 
very  regular.  It  is  plainly  evident  the  rocks  at  the  northwest  end  of 
this  ledge  are  turned  over,  that  is,  the  hanging  wall  has  become  the 
foot  wall.  Two  hundred  and  fifty  paces  from  this  ledge  are  outcrops 
of  magnetic  schist,  of  which  the  strikes  of  the  bedding  planes  are 
from  N.  20  •  E.,  on  the  east  side  of  this  sharp  horseshoe-like  bend,  to 
N.  55*  W.  on  the  west  side,  and  the  dip,  as  in  the  former  case,  20" 
northerly,  and  in  the  latter  80  *  northeasterly. 

This  bend,  in  the  formation,  can  be  nicely  observed  on  these  ledges, 
which  are  from  ten  to  twenty  feet  high.  South  of  these  are  some  low 
outcrops  with  contorted  bedding  planes,  and  at  thirteen  hundred  and 
fifty  steps  west  of  the  S.  E.  cor.  of  Sec.  23,  is  a  loose  ledge  of  angu- 
lar boulders  of  mixed  magnetic  iron  ore,  of  a  medium  granular 
variety.    The  ledge  from  which  these  come  cannot  be  far  distant. 

At  twelve  hundred  and  filty  paces,  and  at  one  thousand  paces  west 
from  Sec.  23,  is  a  ledge  of  magnesian  limestone  (spec.  176).  The  ledge 
outcrops  for  a  distance  of  nearly  three  hundred  feet  and*has  a  trend 
southeast.  Its  northeast  face  is  rough  and  knotty,  with  radiated 
bunches  of  a  very  pale-greenish  mineral.  The  ledge  is  composed  of 
two  distinct  varieties  of  dolomitic  limestone,  the  one  bluish-gray  and 
having  a  very  fine  grain,  and,  coursing  through  it,  narrow,  pale,  green- 
ish-white veins  and  bunches  of  tremolite.  Under  the  rriici'oscope^  it 
presents  an  even  granular  structure,  the  granules  being  small,  averag- 
ing about  .08  of  an  inch  across.  I^o  striated  ones  of  calcite  are 
visible,  but  an  occasional  slender  blade  of  tremolite  may  bo  seen. 
The  other  variety  of  this  bed  is  a  tremolitic  doloraitCj  and  has  a  gray- 
ish-white color,  with  a  shade  of  pea-green.  Its  structure  is  coarsely 
radiated  from  the  large  bunches  of  tremolite,  some  of  which  are  two 
inches  or  more  in  size.  Coursing  the  specimens  are  pale-greenish 
seams  of  tremolite.  Under  the  microscopey  the  base  appears  to  be 
composed  of  granules  of  dolomite  and  of  small  angular  grains  of 
quartz.  The  tremolite  is  easily  recognized;  an  interesting  feature  of 
it  is  that  part  of  it  belongs  to  the  araphibolo  variety,  and  about  an 
equal  share  to  the  pyroxene  group,  as  may  be  easily  seen  by  the  re- 
spective positions  of  the  optical  bisectrixes  and  crystal  axis. 

Going  south  from  the  N.  E.  cor.  of  Sec.  23,  we  pass  over  the  crest 
of  the  range  at  one  hundred  paces  and  then  descend  to  a  deep,  narrow 
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ravine.  At  two  hundred  and  fifty  steps  from  tbe  corner  is  a  ledge  of 
magnetic  schist  on  the  side  of  the  hill  having  a  strike  of  N.  75  *  W., 
and  a  dip  of  35*  northerly.  At  fifty  paces  further  we  cross  a  small 
stream  and  then  ascend  a  broad  ridge,  and  find  at  three  hundred  and 
fifty  paces  from  the  corner  a  ledge  of  magnetic  schist  which  is  fifty 
paces  wide.  This  is  succeeded  by  a  massive  ledge  of  quartzite  (V), 
similar  to  spec  161,  and  at  five  paces  south  from  the  corner  are  several 
low  ledges  of  chloro-quartz  schist  (YI),  which  aggregate  a  thickness 
of  60  paces.  Their  strike  averages  N.  75*  W.,  and  they  have  a  dip 
of  60  •  northeastly.  The  ground  immediately  to  the  south  is  low  and 
timbered  with  hemlock,  birch  and  other  soft  woods. 

Septeviber  4^  We  went  north  from  a  point  five  hundred  paces  west 
from  the  S.  E.  corner  of  Sec.  13  (see  plate  XXV),  and,  at  two  hundred 
and  fifty  paces  distant,  found  ledges  of  magnetic  schist;  the  ground 
descends  to  the  north,  and  the  formation  makes  a  turn ;  the  magnetic 
attraction  continuing  for  six  hundred  paces  further.  At  five  hundred 
paces  from  the  south  line  of  the  section  is  a  small  stream,  and  at  nine 
hundred  paces  is  another  stream.  A  short  distance  to  the  east  is  a 
log  cabin,  surrounded  by  a  small  clearing.  The  country  is  rolling,  the 
timber  mixed,  and  comprises  sugar  maple,  birch,  hemlock,  cedar, 
spruce  and  balsam,  suflScient  to  yield  forty-five  cords  to  the  acre,  two- 
thirds  hard  wood.  Continuing  our  course,  we  came  to  a  small  lake, 
located  in  the  N.  E.  qr.  of  Sec.  13,  about  one-fourth  of  a  mile  wide 
north  and  south,  and  one-third  of  a  mile  east  and  west. 

Turning  west  from  the  south  side  of  this  lake  we  enter  a  cedar 
swamp,  and  at  fifteen  hundred  paces  north  and  one  thousand  paces 
west  from  the  S.  E.  corner  of  Sec.  13,  we  turn  north  again  and  pass 
out  of  the  swamp  three  hundred  paces  from  this  point.  At  a  short 
distance  to  the  east  is  a  ledge  of  diabase  similar  to  those  on  the  north 
side  of  English  lake ;  and,  at  a  few  steps  further,  we  cross  a  small  stream. 
Along  the  north  line  of  the  section  are  large  exposures  of  greenstone. 
After  examining  several  of  them,  we  proceeded  to  the  east  end  of 
Bladder  lake;  and  then  went  southwesterly  to  where  the  west  line  of 
Sec.  13  intersects  the  lake. 

It  will  be  noticed  on  plate  XXV,  that  the  magnetic  attractions  be- 
gin almost  as  soon  as  we  leave  the  lake  shore,  and  that  they  directly 
become  very  strong,  causing  the  north  end  of  the  needle  to  point 
nearly  due  south.  The  source  of  this  great  deflection  we  found  to  be 
a  ledge  of  magnetic  rocks  outcropping  on  the  north  edge  of  a  broad 
ridge  that  is  about  fifty  feet  high.  The  magnetism  of  these  rocks,  as 
will  be  seen  from  plate  XXV,  is  very  decided. 

There  are  no  exposures  on  the  top  of  the  ridge,  but  from  the  attrac- 


Digitized  by 


Google 


SPECIAL  EXAMINATION.  277 

tion,  the  belts  appear  to  be  altogether  about  three  hundred  steps  wide. 
The  rock  (spec.  174)  is  a  magnetic  augite,  of  a  brownish  black  color, 
raediam  grain,  and  semi-vitreous  texture.  At  first  glance  it  resembles 
a  magnetic  ore.  It  is  massive  and  tough  to  break.  Coursing  through 
the  bed  are  very  vitreous  veins  of  quartz.  The  streak  power  is  gray, 
and  the  specific  gravity  is  3.90. 

Under  ike  micTOBCope^  the  section  of  the  rock  appears,  in  polarized 
light,  to  be  an  aggregation  of  more  or  less  rounded,  or  partially  formed 
crystals  of  augite  and  hornblende;  also  grains  of  magnetite.  This  sec- 
tion a£fords  an  excellent  opportunity  of  comparing  dichroism  of  the 
augite  and  the  hornblende;  the  former  showing  it  very  slightly,  while 
in  the  latter  it  is  very  marked;  and  to  confirm  the  value  of  these 
dichroitic  differences  we  have  only  to  note  the  position  of  the  optical 
bisectrix  in  each.  The  dichroitic  test  (first  suggested  by  Zirkel)  is 
often  very  convenient  in  cases  of  this  kind,  in  distinguishing  quickly 
between  these  minerals,  where  the  biotite  is  present.  This  locality  is 
a  very  favorable  one  for  exploring.  The  timber  in  the  immediate 
vicinitj  is  of  a  fair  quality  of  hard  wood,  and  will  yield  about  fifty 
cprds  to  the  acre,  two-thirds  hard  wood.  Continuing  south  on  the 
west  line  of  Sec.  13,  the  variation  of  the  magnetic  needle  very  quickly, 
though  gradually,  ceases.  The  section  line  south  from  the  quarter- 
post  is  not  blazed,  neither  is  the  southwest  corner  of  the  section  marked, 
nor  the  south  line  of  the  section,  from  the  quarter-post  to  this  point. 

Traveling  north  from  the  south  quarter-post  of  the  section,  we  grad- 
ually ascend  for  five  hundred  paces,  when  the  country  becomes  roll- 
ing and  the  timber  is  about  the  same  as  it  was  eighty  rods  east  from 
this  line.  At  twelve  hundred  paces  we  enter  the  swamp  already  noted, 
and  at  one  hundred  paces  further  we  turn  to  the  west. 

The  variation  of  the  solar  compass  on  this  line  is  to  the  west,  and 
increases  as  we  continue  south,  showing  that  the  magnetic  belt  is  to 
the  west. 

Returning  to  camp  on  a  line  eighty  rods  west  of  the  quarter  line, 
we  cross  over  the  range  near  the  center  of  the  southwest  quarter  of 
the  section,  and  then  proceed  diagonally  down  the  long  slope  of  the 
side  hill. 

September  6.  We  went  with  our  camp  equipment  N.-N.  W.  to  the 
west  quarter-post  of  Sec.  13,  and  then  proceeded  due  west  six  hundred 
paces  to  Bladder  lake,  and  there  prepared  a  raft  A  variation  of  25* 
to  the  east  was  observed,  and  along  the  northwest  shore  of  the  lake 
may  be  seen  ledges  of  rock,  which,  at  the  time,  we  supposed  were, 
possibly,  those  of  the  Iron-bearing  series,  but  which  subsequently 
proved  to  be  diabase.     Coasting  along  the  southeast  shore  we  encount- 
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ered  a  variable  dip,  with  the  dipping  needle,  of  20*  to  50*  for  a  distance 
of  eighty  rods.    These  attractions,  however,  very  soon  became  zero. 

We  camped  on  the  west  shore  *near  the  center  of  the  N.  W.  qr.  of 
N.  W.  qr.  of  Sec.  14.  It  is  evident  that  this  lake  was  not  meandered 
by  the  government  surveyors,  for  the  shores  are  very  dissimilar  in 
reality  from  what  they  appear  on  the  XJ.  S.  plats.  This  proved  to  be 
an  unfortunate  camp,  for  we  had  a  week  of  rainy  weather,  though  that 
should  be  charged  to  the  elements  and  not  to  the  location.  Bladder 
lake  abounds  in  bass,  and  along  the  shores  are  well  beaten  bear  trails. 
We  paddled  our  raft  around  on  the  north  side  of  the  lake,  but  found 
no  magnetic  attractions.  The  diabase  ledges  are  of  a  coarse  grained 
variety.  We  proceeded  on  the  raft  a  mile  or  more  up  the  inlet  of  the 
lake,  but  could  not  detect  any  variation  with  our  magnetic  needles. 
Starting  from  the  west  quarter-post  of  Sec.  14,  and  going  south,  we 
found  no  magnetic  attraction,  but  to  the  west  are  several  ledges  of 
diabase.  Five  hundred  paces  to  the  south  is  a  cedar  swamp,  which  is 
three  hundred  paces  wide  and  extends  to  the  east  for  a  quarter  of  a 
mile.  A  short  distance  north  of  the  S.  W.  corner  of  Sec.  14  is  a  low 
ledge  of  diabase. 

September  12,  This  morning,  as  the  sun  once  more  deigned  to 
shine  upon  us,  we  concluded  to  return  to  the  west  quarter-post  of  Sec. 
13,  where  we  left  the  magnetic  belt,  and  endeavor  to  trace  it  from 
there.  We  found  that  it  turns  to  the  southwest,  or  that  the  green- 
stone covered  it  to  a  considerable  depth.  This  latter  supposition, 
however,  appeared  hardly  consistent,  as  we  could  find  no  magnetic 
attraction  along  the  north  shore  of  the  lake,  or  up  the  inlet. 

In  going  to  the  quarter-post,  we  traveled  on  the  south  side  of  the 
lake,  making  our  observations,  but  found  no  attractions  until  reach- 
ing a  point  nearly  west  from  the  quarter-post.  Going  first  two  hun- 
dred and  fifty  paces  west  and  fifty  paces  south,  from  the  east  quarter- 
post  of  Sec.  14,  to  a  ledge  of  magnetic  rock,  similar  to  that  north  of 
the  quarter-post,  we  turned  southwest.  At  one  hundred  and  forty 
paces,  the  dipping  needle  showed  a  strong  dip  of  60*.  Just  here  is  a 
small  stream,  which  empties  in'co  Bladder  lake.  Seventy  paces  far- 
ther the  dip  is  30*,  and  the  variation  6^  west.  At  one  hundred  and 
forty  paces  more,  the  dip  is  the  same,  but  the  variation  is  20*  east. 
At  the  succeeding  station,  the  dip  is  the  same,  and  the  variation  10* 
east;  but  at  the  next  station  the  dip  is  20*,  and  the  variation  only  2 
east  Turning  now  south,  the  dip  at  one  hundred  paces  becomes 
zero  and  the  variation  6*  west,  showing  that  the  magnetic  belt  is 
to  the  west  Going  another  one  hundred  paces  south,  the  dip  remains 
zero  and  the  variation  is  very  slightly  to  the  east    Changing  our 
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course  to  southwest,  we  proceeded  to  the  south  quarter-post  of  Sec. 
14;  the  attraction  remained  the  same.  The  timber  on  the  S.  W.  qr. 
of  Sec.  14  is  mixed,  consisting  of  hemlock,  birch,  cedar,  spruce  and 
balsam,  and  will  yield  about  forty-five  cords  to  the  acre,  one-half  hard 
wood.     There  is  also  considerable  white  pine  of  good  size  and  quality. 

Continuing  our  course  in  a  southwest  direction  across  the  N.  W. 
qr.  of  Sec.  23,  to  the  west  quarter- post  of  the  section,  and  making  ob- 
servations at  every  one  hundred  and  forty  paces,  we  found  no  attrac- 
tion until  arriving  at  the  west  quarter-post,  the  variation  there  being 
7*  west.  The  land  is  slightly  rolling,  and,  at  about  one  hundred 
paces  north  of  the  quarter- post,  there  is  a  small  stream  running  north. 
Continuing  a  southwest  course  through  theS.  E.  qr.  of  Sec.  22,  the  mag- 
netic declination  varies  from  4*  W.  to  8*  W.,  and  along  the  center  line  of 
the  southeast  quarter  of  the  section,  there,  is  a  magnetic  dip  of  10^ 
The  timber  consists  of  hemlock,  balsam,  birch,  etc.,  and  will  cut  forty 
cords  per  acre,  one-half  hard  wood,  with  some  white  pine  of  good 
quality.  Turning  west  and  going  along  near  the  south  line  of  the 
section,  we  proceeded  to  the  S.  W.  corner  of  Sec.  22.  The  solar  com- 
pass gave  a  variation  of  from  7*  to  12*  west,  and  a  positive  dip  was 
observed  of  50*.  At  fifty  paces  west  of  the  corner,  we  crossed  the  in- 
let of  Bladder  lake,  and  at  fifty  paces  further,  we  found  a  variation  of 
16*  west  and  a  positive  dip  of  15*.  The  variation  to  the  west  gradually 
diminished  to  2'  on  reaching  the  southwest  quarter-post  of  Sec.  21. 
The  dip,  however,  remains  the  same  until  near  the  quarter-post,  when 
it  decreases  to  10*.  The  land  is  low  and  somewhat  swampy,  the  timber 
consisting  chiefly  of  cedar,  tamarac,  etc.  The  quarter-post  is  on  the 
west  bank  of  a  small  stream  running  southeast.  Upon  turning  north 
the  variation  changes  to  2*  east,  after  going'two  hundred  paces;  but  at 
three  hundred  paces  from  the  quarter-post  it  becomes  zero  and  the 
dip  is  only  5*.  Proceeding  five  hundred  paces  north,  wo  enter  an 
open  spruce  swamp,  which  is  about  four  hundred  paces  across.  The 
magnetic  attractions  cease  and  do  not  again  occur  for  at  least  one  mile 
north  from  the  center  of  Sec.  21.  The  ground  to  the  north  quarter- 
post  of  this  section  is  slightly  undulating,  and  the  timber  comprises 
hemlock,  birch,  maple,  etc.,  suflScient  to  yield  about  forty  cords  per 
acre,  one-half  hard  wood. 

Passing  to  the  north,  in  Sec.  16,  we  cross  a  stream  at  a  distance  of 
five  hundred  paces,  from  the  south  quarter-post  of  this  section,  which 
flows  to  the  southeast  The  country  is  gently  rolling  and  the  timber 
is  birch, 'sugar  maple,  hemlock  and  spruce,  and  will  yield  forty-five 
cords  per  acre,  two-thirds  hard  wood. 

Going  east  from  the  center  of  Sec.  16,  we  crossed  the  section  line 
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and  proceeded  to  the  east  quarter  of  Sec.  1 5.  There  are  no  magnetic  at- 
tractions along  this  line  nor  outcrops  of  rock.  The  land  is  rolling, 
and  the  timber  a  mixture  of  hard  and  soft  woods. 

September  13,  This  morning  we  broke  camp  and  proceeded  south- 
westward  to  the  south  quarter-post  of  Sec.  15,  finding  no  magnetic  at- 
traction. The  timber,  as  before  stated,  is  mixed,  about  one-half  soft 
wood,  and  will  yield  fifty  cords  per  acre.  Going  thence  west  for  a 
distance  of  two  miles  and  a  half,  we  pitched  our  tent  on  the  north  and 
south  line  of  Sec.  17,  at  a  distance  of  five  hundred  paces  north  from 
the  southwest  corner  of  the  section.  We  found  no  attractions  on  the 
route  traversed.  The  land  is  low  and  slightly  undulating,  and  the 
timber  is  a  mixture  of  the  kinds  previously  mentioned.  Along  the 
south  line  of  Sec.  15,  it  will  cut  forty  cords  per  acre,  one-third  hard 
wood.  In  Sec.  16  the  quality  is  somewhat  better,  but  on  the  sooth 
line  of  Sec.  17,  it  will  average  only  one-sixth  hard  wood.  Having 
found  no  attractions  on  this  route,  we  concluded  that  the  Iron  Range 
must  be  to  the  south.  Proceeding,  therefore,  to  the  S.  W.  comer  of 
Sec.  17,  which  is  in  atamarac  swamp,  we  went  S.  26*  E.  to  the  south 
quarter-post  of  JSec.  20.  The  tamarac  swamp  extends  only  a  short 
distance,  and  four  hundred  paces  from  the  above  corner,  we  enter  an 
extensive  open  spruce  swamp.  As  the  quarter-post  is  approached,  the 
magnetic  attraction  begins  to  exert  a  feeble  influence  on  the  needle, 
the  dip  becoming  5*  positive  and  the  variation  3*  to  the  east.  Chang- 
ing our  course,  we  traveled  east,  finding  the  attraction  increasing  and 
becoming  4*  west,  and  the  dip  15*  positive,  at  the  S.  E.  corner  of  Sec 
20.  The  swamp  continues  for  four  hundred  paces  east  of  the  corner. 
The  variation  increases  until  at  five  hundred  paces  cast  of  the  comer 
it  is  90*  west,  but  the  dip  is  only  5*.  For  the  next  five  hundred  paces 
the  country  is  rolling  and  the  timber  mixed.  The  westerly  variation 
decreases  somewhat,  but  the  5**  positive,  dip  remains  constant.  It  is 
evident  from  the  above,  that  there  is  a  broad  magnetic  belt  underly- 
ing this  section,  and  its  course  is  a  little  to  the  south  of  west.  Turn- 
ing now  southwest  from  the  south  quarter-post  of  Sec.  21,  we  passed 
diagonally  through  the  N.  W.  qr.  of  Sec.  28  to  the  east  quarter-post  of 
Sec  29.  The  land  is  rolling,  the  timber  consisting  of  good  pine  and 
other  varieties.  The  magnetic  attractions  grow  less  and,  at  the  quar- 
ter-post, disappear.  Proceeding  now  due  west  through  the  center  of 
Sec.  29,  the  magnetic  attractions  do  not  manifest  themselves  until 
within  four  hundred  paces  of  the  west  quarter-post  of  the  section, 
where  the  solar  compass  gives  a  variation  of  4:^  west,  and  the 'dipping 
needle  a  positive  dip  of  8*. 

Changing  our  course  to  a  northwest  one,  we  enter  again  the  open 
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spruce  swamp.  At  a  point  near  the  center  of  the  N.  W.  J  of  Sec  30, 
the  variation  is  9*  east  and  the  dip  5 "  positive.  We  leave  the  swamp 
at  about  one  hundred  paces  northwest  from  where  we  entered,  and 
find  the  country  thence  to  the  north  quarter- post,  and  along  the  line 
to  the  northwest  corner  of  this  section,  to  bo  rolling,  and  the  timber 
capable  of  yielding  about  forty  cords  to  the  acre,  one-fourth  hard  wood. 

The  magnetic  variation  is  small,  and  to  the  east,  until  within  four 
hundred  paces  of  the  corner,  when  it  becomes  westerly.  At  one  hun- 
dred paces  north  from  this  corner,  and  on  the  town  line,  is  a  ledge  of 
syenitic  granite.  This  is  an  important  outcrop,  as  it  verifies  the  cor- 
rectness of  our  magnetic  work,  and  shows  how  indispensable  are  the 
solar  compass  and  dipping  needle  in  tracing  faint  lines  of  attraction, 
indicating  the  trend  of  the  formation,  covered  deeply  by  drift.  They 
are  to  the  geologist,  in  instances  of  this  kind,  what  the  mariner's 
compass  is  to  the  sailor.  The  granitic  ledge  is  very  much  decom- 
posed; so  much  so,  that  it  was  impossible  to  procure  an  unaltered 
specimen.  Still  the  quartz  and  feldspar  could  be  readily  distin- 
guished. Going  now  northwest,  we  cross  into  a  cedar  swamp,  at 
about  one  hundred  and  fifty  paces  from  the  corner,  and  leave  it  near 
the  S.  E.  i  of  Sec.  24.  Continuing  in  the  same  direction,  we  skirt 
along  the  side  of  quite  a  high  range,  but  before  reaching  the  center  of 
Sec  24,  we  mount  to  the  top  of  it.  The  attractions  are  variable,  but 
are  more  decided  than  they  were  for  some  distance  back.  At  the  cen- 
ter of  the  section,  the  variation  is  16 "  to  the  west,  and  the  dip  is  20  •. 
The  timber,  since  leaving  the  swamp,  consists  of  hemlock,  birch,  sugar 
maple,  elm,  basswood  and  balsam  (fir),  and  will  cut  fifty  cords  per 
acre,  two-thirds  hard  wood.  To  the  west  of  the  center  of  the  section, 
the  range  drops  off  into  low  ground.  Proceeding  now  northeast  on 
the  broad  table  land  on  the  crest  of  the  range,  the  westerly  variation 
becomes  less,  and  the  positive  dip  of  the  needle  changes  to  a  negative 
one,  in  some  instances  being  15*  negative.  The  timber,  along  the 
range,  is  a  fine  quality  of  hard  wood,  and  will  cut  fifty-five  cords  per 
acre.  Near  the  center  of  the  N*.  E.  J  of  Sec  24,  we  descended  upon 
low,  rolling  land,  timbered  with  hemlock,  birch,  cedar,  etc  Turning 
east  from  the  N*.  E.  corner  of  Sec  24,  we  went  along  the  north  line 
of  Sec.  19.  The  magnetic  attraction  crossed  the  line;  and  at  three 
hundred  paces  easterly  from  the  corner,  is  a  large  outcrop  of  diabase, 
similar  to  those  on  the  north  shore  of  Bladder  lake;  and  farther  east 
and  south  of  the  line  are  other  ledges  of  diabase.  The  timber  along 
this  line  is  mixed,  consisting' of  hemlock,  birch,  sugar  maple,  spruce 
and  cedar,  and  will  cut  forty  cords  per  acre,  one -fourth  hard  wood. 

September  15.    We  broke  camp  and  went  west  to  the  N.  W.  corner 
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of  Sec.  19,  and,  continuing  west  along  the  north  line  of  Sec.  24,  we 
cross  a  small  stream,  at  three  hundred  and  fifty  paces,  running  north- 
west. This  same  stream  crosses  the  line  again  at  five  hundred  paces, 
and  runs  thence  into  a  small  lake  (see  map).  We  skirted  along, the 
north  line  of  the  lake  for  nearly  a  mile,  and  went  thence  to  the  N.  W. 
corner  of  Sec.  24,  and  continued  west  along  the  north  line  of  Sec  23 
for  a  distance  of  thirteen  hundred  paces.  We  camped  on  the  margin 
of  a  small  creek  near  where  it  empties  into  Marengo  river.  At  this 
point  there  are  some  falls  on  the  river  which  aggregate  about  sixty 
feet  total  descent.  The  river  flows  from  the  southeast  and  plunges 
down  a  narrow  granite  gorge,  and  immediately  below  the  falls  the 
water  has  worn  out  a  wide  basin,  which  abounds  in  fine  speckled  tront 
The  pool  is  limited  on  the  south  and  east  sides  by  nearly  vertical 
walls  of  granite  more  than  fifty  feet  in  height.  To  the^  west  (see 
plate  XXVI)  is  the  narrow  valley  of  the  river,  hemmed  in  by  ledges 
of  reddish  granite  and  massive  greenstone.  To  the  northwest,  not  far 
away,  are  high  bluffs  of  greenstone,  and  to  the  north  is  a  deep  valley 
down  which  flows  the  pure  spring  waters  of  the  brook  already  men- 
tioned, making  altogether  a  very  interesting  and  pleasant  camping 
ground.  Following  up  the  small  brook  to  the  north  line  of  Sec.  25, 
we  turned  east  and  ascended  the  steep  sides  of  the  valley.  The  north 
quarter-post  of  this  section  is  near  the  summit  of  the  hill.  Attrac- 
tions are  strong,  owing  to  low  ledges  of  magnetic  ore  outcropping  a 
few  paces  to  the  east. 

Turning  south,  we  passed  over  the  summit  of  the  range,  which  is 
about  one  hundred  and  fifty  feet  high,  and  made  magnetic  observa- 
tions every  fifty  paces  (see  plate  XXVI). 

Five  hundred  paces  to  the  south  of  the  quarter-post  is  a  ledge  of 
granite  (spec.  179),  having  a  pale  reddish  color  and  medium  grained 
texture,  resembling  some  marbles.  It  is  massive,  showing  only 
faint  lines  of  bedding.  Under  the  microscope^  there  may  be  seen  in 
.the  section,  the  quartz,  feldspar,  and  a  little  chlorite;  the  quartz  grains 
are  angular  and  contp^'n  numerous  fluid  inclusions;  the  feldspar  con- 
sists of  the  plain  and  striated  varieties;  the  former,  however,  is  in  ex- 
cess of  the  latter,  and  each  is  much  altered  and  presents  a  hromy 
appearance.  The  chlorite  is  not  easily  recognized.  To  the  south,  the 
range  drops  off  into  low  ground.  Proceeding  eastward,  we  saw,  at 
two  hundred  paces,  a  low  outcrop  of  chloro-silicious  schist,  similar  to 
No.  141.  It  has  a  strike  of  N.  80*  W.,  and  a  dip  of  60  •  northerly. 
At  three  hundred  paces  more  are  several  ledges  of  actinilo-magnetic 
schist,  the  first  having  a  strike  of  N.  70*  W.,  and  a  northerly  dip  of 
60*;  but  at  one  hundred  paces  further  east  the  dip  is  30*. 
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The  magnetic  Bchists  are  very  similar  to  those  near  the  Penokee 
Gap;  only  these  contain  more  anthopyllitc,  and  perhaps  might  more 
properly  be  named  anthophyllo-magnetic  schist.  It  is  not  easy  to 
distinguish  between  these  minerals  when  they  are  intimately  mixed; 
then,  too,  the  dichroitic  test  cannot  always  be  strictly  relied  upon, 
since  the  lighter  colored  actinolite  shows  but  very  little  dichroism. 
Continuing  east,  we  pass  over  several  outcrops  of  magnetic  schist, 
and  at  a  point  four  hundred  paces  south  of  the  northeast  corner  of 
the  section  (23),  we  turned  north.  At  two  hundred  and  fifty  paces 
south  of  this  comer,  is  a  ledge  of  diorite.  The  rock  is  a  very  dark 
green,  speckled  with  light  gray,  is  very  tough,  and  has  an  indistinct 
coarsely-crystalline  texture,  some  of  the  crystals  of  amphibole  being 
nearly  an  inch  across.  Still  it  is  difiicult  to  distinguish  their  cleav- 
age planes.  Under  tlie  microBCope^  the  cause  is  readily  determined, 
for  at  first  glance  the  amphibole  has  the  appearance  of  being  broken 
and  the  fragments  separated,  but  this  is  hardly  possible,  since  the 
optical  bisectrices  of  all  these  fragments  belong  to  the  same  crystal, 
and  are  exactly  parallel^  as  may  be  shown  by  crossing  the  nicoUy  and 
psvolving  the  slide.  A  careful  examination,  however,  shows  that  the 
amphibole  originally  enclosed  numerous  slender  crystals  of  feldspar, 
which  are  now  more  or  less  completely  granulated,  from  decomposi- 
tion. Besides  these  may  be  seen  several  small  crystals  of  amphi- 
bole mingled  with  the  larger  ones.  There  are  also  many  netted  forms 
of  magnetite  scattered  in  the  section.  Proceeding  north  to  the  corner, 
we  pass  over  other  similar  ledges  of  greenstone.  The  magnetic  attrac- 
tions are  very  strong  here,  the  variation  indicated  by  the  solar  com- 
pass being  60  *,  with  a  very  quick  vibration  (see  plate  XXVI). 

Continuing  north  from  the  comer,  we  ascend  a  low  rise  of  ground, 
but  at  one  hundred  and  fifty  paces  it  begins  to  descend.  At  a  hun- 
dred paces  more,  we  cross  an  open  bog  swamp  about  one  hundred 
paces  wide,  and,  at  five  hundred  paces  north  of  the  corner,  is  the  south 
edge  of  an  open  spruce  swamp;  after  passing  which,  we  turn  west  from 
the  east  quarter-post  of  Sec.  14,  and  skirt  along  the  north  edge  of  the 
swamp,  and  found  at  five  hundred  paces  on  this  line,  the  small 
brook,  which  mns  past  our  camp,  and  on  either  side  of  which  are  ledc^es 
of  massive  greenstone.  Going  west  from  the  center  of  Sec.  14,  we  ascend 
about  one  hundred  feet  to  the  high  table  lands,  and  turning  south  we 
began  to  descend  almost  immediately,  and,  at  three  hundred  paces, 
crossed  the  small  brook  again,  and  thence  went  diagonally  across  and 
down  the  valley.  Descending  the  southeast  slope  of  the  valley  we  re- 
turn to  the  south  quarter-post  of  Sec.  16,  proceeding  thence  westward 
down  the  Marengo  river  to  the  S.  W.  comer  of  Sec.  14.    On  the  south 
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side  of  this  valley  are  steep  ledges  and  bluffs  of  reddish  granite  and 
syenite,  and  on  the  north  side  is  a  high  hill  on  which  are  outcropping 
ledges  of  greenstone.  The  variation  of  the  solar  compass  on  the  granite 
is  to  the  east,  while  on  the  north  side  of  the  river  it  is  to  the  west. 

The  S.  W.  corner  of  the  Sec  (14)  is  about  one  hundred  and  fifty 
paces  south  of  the  river. 

Upon  turning  north  from  the  corner,  we  go  down,  for  one  hundred 
and  thirty  paces,  a  steep  bank  to  the  river,  and  then  ascend  the  opposite 
bank,  or  side  hill,  to  the  table  lands  above. 

At  three  hundred  and  fifty  to  four  hundred  and  fifty  paces  from  the 
corner,  are  low  outcrops  of  greenstone,  where  the  variation  of  the  solar 
compass  was  about  T*  west 

Thinking  that  the  Iron  range  might  possibly  have  taken  a  bend  to 
the  north,  we  continued  northerly  for  two  and  half  miles,  but  the 
westerly  variation  still  remained.  In  Sec.  11,  at  five  hundred  paces 
from  its  southwest  comer,  is  a  low  ledge  of  reddish  granite,  and  at  one 
thousand  paces  north  of  here,  is  another  similar  granite  ledge. 

In  Sec.  3,  at  five  hundred  paces  north,  and  nineteen  hundred  paces 
west  of  its  southeast  corner,  is  a  large  outcrop  of  dioritCy  having  a 
greenish  black  color,  and  a  very  coarse  grained,  crystalline  texture. 

The  hornblende  crystals  are  very  large,  and  frequently  havea  smooth, 
jet  black  surface.  The  hornblende  has  only  an  imperfect  cleavage, 
owing  to  the  fact  of  its  having  a  finely  fibrous  internal  structure,  as 
may  be  seen,  under  the  microscope.  The  fibres  arc  not  strictly 
parallel,  but  are  very  slightly  inclined  to  each  other;  the  plain  and 
striated  feldspar  are  more  abundant  than  appears  to  the  unaided  eye. 
The  latter  variety  is  in  excess  of  the  former,  and  a  little  titanic  iron  ore 
is  contained.  The  land  is  high  and  rolling,  and  the  timber  fine  hard 
wood,  which,  through  Sees.  14  and  11,  will  average  fifty  cords  to  the 
acre,  and  in  Sec.  2  sixty  cords,  two-thirds  hard  wood. 

Turning  east,  and  then  south,  to  the  south  line  of  Sec.  2,  we  pro- 
cecded  east.  Sixteen  hundred  paces  east  of  the  S.  W.  comer  of  Sec 
2,  is  a  ledge  of  diabase.  It  is  of  a  dark  green  color,  sprinkled  with 
gray,  and  has  a  medium  grained,  crystalline  texture.  Under  the 
microscope^  it  appears  to  be  about  an  equal  mixture  of  pyroxene  and 
of  triclinic  feldspar.  As  accessories,  may  be  reckoned  hornblende  and 
possibly  a  little  hypersthene.  The  trend  of  this  ledge,  and  of  the 
ridge  which  it  forms,  is  S.  45**  W.  At  about  two  hundred  paces  fur- 
ther east,  there  is  a  ledge  of  reddish  granite.  The  solar  compass  per- 
sistently maintains  its  westerly  variation.  At  the  south  quarter-post  of 
Sec.  2  it  is  15*,  but  the  dipping  needle  gives  no  indication  of  any 
magnetic  attraction.    The  timber  along,  and  near,  the  south  line  of 
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the  section,  is  mixed,  and  will  cut  sixty  cords  per  acre,  two-thirds 
hard  wood.  Kear  the  N.  E.  corner  of  Sec.  2  is  a  low  ledge  of  gran- 
ite, and,  going  south,  we  find,  at  fourteen  hundred  paces  from  the  N. 
E.  corner  of  Sec.  11,  a  ledge  of  greenstone.  The  timber  along  the 
east  line  of  Sec.  11  is  of  a  mixed  character,  and  will  cut  fifty  cords  to 
the  acre,  one-half  hard  wood.  Changing  our  course,  we  went  S.  26' 
W.,  from  the  above  corner,  to  the  south  quarter-post  of  Sec.  14.  On 
this  route,  and  in  the  N.  E.  qr.  of  Sec.  14,  are  several  ledges  of  green- 
stone. From  the  south  quarter  post  of  this  section,  the  magnetic  at- 
tractions proved  to  be  quite  strong.  Going  east  from  this  corner,  on 
reaching  a  distance  of  four  hundred  paces,  a  large  ledge  of  diorite, 
similar  to  those  just  southwest  of  this  point,  is  found.  This  ledge  ex- 
tends nearly  a  hundred  paces  to  the  north;  and  to  the  south  are  three 
or  four  smaller  ledges  of  diorite.  It  will  be  noticed  on  plate  XXVI, 
that  the  dipping  needle  shows  scarcely  any  dip  on  this  line  for  five 
hundred  paces  to  the  south  of  the  north  line  of  Section  24.  Neither 
are  the  attractions  much  stronger,  as  indicated  by  the  dipping  needle, 
when  we  turn  west,  for  a  distance  of  two  hundred  paces  or  more. 
From  this,  it  would  appear  that  the  iron  ore  deppsit  of  this  locality  is 
large  and  lenticular  shaped.  Following  around  southwesterly  from  the 
north  quarter-post  of  Sec.  23,  we  find  a  steep  bluff  of  lean  magnetic 
ore  facing  the  valley,  and  extending  for  a  distance  of  three  hundred 
paces.  The  rock  in  some  portions  of  the  ledge  has  a  fine  steely  tex- 
ture, and  would  assay  65  per  cent,  of  metallic  iron. 

I  regret  that  we  could  not  spend  more  time  in  this  locality, 
but  having  been  already  detained  here  by  rainy  weather,  and  as  my 
purpose  was  to  trace  the  range  as  far  westward  as  possible,  I  hardly 
felt  justified  in  doing  as  much  detail  work  as  a  complete  examination 
would  involve. 

SepUiriber  18.  We  started  west  this  morning  with  our  camp  equi- 
page. The  Marengo  river  bears  away  to  the  northwesterly  from  the 
S.  "W.  comer  of  Sec.  14.  At  four  hundred  paces  west  of  this  comer, 
we  cross  a  small  stream  running  northerly,  and  then  enter  a  cedar  and 
tamarac  swamp,  some  two  hundred  paces  wide.  On  the  west  side  of 
the  swamp,  at  a  distance  of  seven  hundred  paces  west  from  the  comer, 
and  just  to  tlie  north  of  the  section  line,  is  a  ledge  of  tremolitic  lime- 
stone (No.  190)  similar  to  174  from  Sec.  24,  T.  44,  R  4  W.  As  we 
continue,  the  country  becomes  more  rolling,  and  at  three  hundred  paces 
west  from  the  south  quarter-post  of  Sec.  15,  we  find  a  low  ledge  on  the 
crest  of  a  ridge,  which  extends  northeasterly.  The  ledge  consists  of  a 
grayish  white  marble,  with  the  faintest  tinge  of  green,  and  has  an 
even,  fine-grained  (saccharoidal)  texture.    To  the  touch,  it  feels  rough. 
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and,  scattered  through  it,  are  numerous  glistening  facets.    The  rock  is 
a  coarse  variety  of  Ko,  190. 

Continuing  again  our  course,  we  cross  a  small  stream  at  six  hundred 
paces  west  from  the  quarter-post,  and,  at  one  hundred  paces  moi-e,  is 
found  a  ledge  of  diorite  (spec  192).  It  is  of  a  dark  green  color,  and 
has  a  medium  grained,  somewhat  indefinite  crj'stalline  texture;  is 
jointed  and  massive,  having  an  uneven,  jagged  fracture.  The  only 
mineral  ingredient  that  can  be  recognized  is  amphibole. 

Under  the  microecopey  the  section  presents  an  interesting  field,  es- 
pecially in  some  of  the  amphibole  crystals,  that  are  twinned.  These 
crystals  enclose  numerous  fibrous  bunches  of  actinolite,  which,  appar- 
ently, are  of  a  secondary  nature;  that  is,  recrystallized  from  tlie  large 
original  crystal.  What  suggests  this  is,  that  when  these  fibrous  forms 
are  confined  to  one  side  of  the  crystal  they  are  then  sharply  defined  or 
limited  by  the  twinning  or  dividing  line,  which  would  hardly  have  been 
the  case  were  they  mere  inclusions. 

Ascending  a  low  ridge,  brings  us  to  the  S.  W.  corner  of  Sec.  15. 
The  timber,  adjacent  to  this  line,  for  the  first  quarter  of  a  mile,  going 
west,  was  of  a  mixed  character,  and  will  cut  forty  cords  to  the  acr 
one-half  hard  wood.  After  passing  the  swamp,  for  a  distance  of  x 
hundred  paces  the  timber  consists  of  pine,  spruce,  hemlock  and  bal- 
sam, and  is  of  but  little  value,  but,  for  the  remainder  of  the  distance,  it 
is  good  and  will  yield  fifty  cords  per  acre,  two-thirds  hard  wood.  The 
solar  compass  gave  a  variation  to  the  west,  from  the  quarter-post  to 
the  southwest  corner,  but  the  dipping  needle  stood  practically  at  zero. 

Proceeding  west  along  the  section  line,  we  pass  a  low  ledge  of  green- 
stone, at  one  hundred  and  fifty  paces  from  the  comer.  This  is 
succeeded  by  a  small,  rapid  stream.  The  country  to  the  south  quarter- 
post  is  rather  flat,  and,  just  before  arriving  at  the  quarter-post,  we 
cross  and  recross  a  small  stream  several  times.  To  the  north  of  tliis 
line,  about  one  hundred  paces,  and  at  about  eight  hundred  paces  to 
the  west  from  the  S.  E.  corner  of  Sec.  16,  is  a  low  outcrop  of  chloro- 
silicious  schist  having  a  strike  of  S.  80°  W.,  and  a  dip  of  65"^  north. 
There  are  other  ledges  of  diorite  at  about  one  hundred  paces  to  the 
west  of  the  quarter-post,  which  continue  for  one  hundred  paces. 

The  rock  (spec.  197 — VII)  is  of  a  dark  green  color  and  a  fine- 
grained texture.  The  mineral  ingredients  can  scarcely  be  recognized. 
Under  the  microscope^  the  section  appears  to  be  composed  of  plain 
and  striated  crystals  of  feldspar  and  of  irregular  fragments  of  amphi- 
bole, and  also  several  groups  of  narrow  filaments  resembling  magne- 
tite, or  possibly  menaccanite,  arranged  in  parallel  manner.  The 
magnetitic  attractions  rapidly  increase,  as  we  go  westward,  and  on 
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ascending  the  steep  slope  of  the  range,  we  find  near  the  summit,  isix 
hundred  paces  to  the  west  from  the  qnarter-post,  large  exposures  of 
magnetic  schist  The  bedding  planes  are  easily  made  out,  as  the 
ledge  is  banded;  and  the  strike  is  S.  65°  W.,  and  the  dip  65**  north- 
westerly. The  ledge  extends  to  the  northeast  for  eighty  rods  or  more; 
but  to  the  southwest,  the  range  gradually  drops  off  into  lower  land. 
The  crest  is  quite  broad,  arid  is  about  two  hundred  feet  above  the 
general  level  of  the  country.  The  timber  is  fine  hard  wood,  and  will 
cut  fifty  cords  per  acre. 

Continuing  westward,  we  descend  the  long  gentle  slope,  and,  at 
seven  hundred  and  fifty  and  eight  hundred  and  fifty  paces  west  from 
the  quarter-post,  are  ledges  of  diorite,  which,  as  may  be  seen,  overlie 
a  portion  of  the  magnetic  schists.  They  are  massive,  and  have  a 
dark  green  color,  mixed  with  gray;  are  of  a  medium  crystalline  tex- 
ture. The  amphibole  can  be  made  out  with  a  little  care,  and,  und^r 
the  microscope^  the  section  presents  about  an  equal  mixture  of  plagio- 
clase  and  amphibole;  and  also  a  little  orthoclase,  pyroxene,  and  mag- 
netite. The  plagioclase  is  in  slender,  finely  striated  crystals.  The 
amphibole  crystals  are  of  a  very  pale  green  color,  and  are  inclined 
to  a  bushy  structure.    Many  of  them  are  twinned. 

The  variation  of  the  solar  compass  at  the  S.  W.  corner  of  Sec.  16, 
is  60**  west,  and  the  dip  is  zero;  but,  at  only  fifty  paces  west  of  here, 
it  is  160'  east,  and  the  dip  90*.  The  attraction  decreases  to  the  west  — 
see  diagram  XXVII  —  and  at  three  hundred  paces  on  the  lino  west 
from  the  corner,  the  solar  compass  and  dipping  needle  each  stand  at 
zero;  but  as  we  continue  west,  th6  needle  of  the  solar  compass  swings 
gradually  around  to  the  west,  while  the  dip  needle  remains  at  zero, 
but  the  vibrations  become  quicker  until  at  eight  hundred  paces  west 
from  the  corner,  where  it  gives  a  dip  of  10*  with  quick  vibrations,  and 
the  solar  compass  indicates  a  westerly  variation  of  30*.  At  one 
hundred  paces  farther,  the  dip  needle  indicates  90',  and  close  by  the 
north  quarter-post  of  Sec.  20,  the  variation  is  105*  east.  At  one  hundred 
paces  west  of  the  quarter-post,  the  variation  is  80*  east,  and  the  dip 
is  40*;  and  at  one  hundred  more  the  variation  is  45*  east,  but  the  dip 
is  10*  negative. 

It  will  be  seen  that  we  crossed  the  range  again,  and  that  it  is  some- 
where to  the  south.  Farther  west,  we  pass  several  ledges  of  green- 
stone,  and  when  within  three  hundred  paces  of  the  N.  W.  corner  of 
Sec.  20,  we  skirt  along  the  south  slope  of  a  high,  isolated  point  or 
sharp  ridgo  of  hornblende  rock,  at  the  western  end  of  which  is  the 
corner.  It  forms  a  prominent  land-mark  and  may  be  recognized  for 
a  long  distance  away,  being  about  four  hundred  feet  above  the  general 
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level  of  the  country.  The  hornblende  rock  which  forms  this  ridge  is 
massive  and  jointed,  and  traversed  by  granite  dykes.  The  hornblende 
rock  (spec.  193)  is  of  a  dark  green  color,  fine  grained,  crystalline  in 
texture,  and  the  mineral  ingredients  are  too  small  to  be  made  out.  A 
fresh  fracture  is  rough  and  jagged  to  the  touch.  Under  the  micro- 
scopey  the  section  is  seen  to  consist  largely  of  feldspar  and  amphibole, 
and  also  of  quartz,  a  little  chlorite,  and  a  few  opaque  grains  of  mag- 
netite. The  feldspars,  plagioclase  and  orthoclase  are  about  equally 
divided  and  are  rtlther  in  excess  of  the  amphibole,  which  is  of  a  pale 
green  color  and  only  slightly  dichroitic.  The  granite  veins  intersect- 
ing this  ledge  are  reddish  in  color,  and  medium  grained,  and  have  a 
semi-vitreous  texture.  On  a  fresh  surface  may  be  seen  numerous 
small  facets  of  feldspar  and  vitreous  grains  of  quartz;  also  an  occa- 
sional dark  greenish  bunch  of  what  appears  to  be  altered  biotite; 
fracture  sub-conchoidal.  Under  the  microscope^  the  section,  appar- 
ently, consists  of  about  two-thirds  of  decomposed  feldspar,  and  one- 
third  of  limpid  quartz  grains;  also  a  few  groups  of  some  mineral 
resembling  biotite;  the  latter  mineral  is  dichroitic,  and  its  optical 
bisectrix  appears  to  be  parallel  to  the  cleavage  lines  on  some  of  the 
fragments.  The  feldspar  has  a  dirty  brownish  appearance,  and  some 
of  the  outlined  masses  are  faintly  striated.  The  grains  of  quartz  con- 
tain numerous  minute  cavities  filled  with  a  salt  solution,  out  of  which 
has  crystallized  a  small  transparent  cube.  The  minute  bubble,  always 
present,  has  scarcely  any  visible  movement.  See  description  of  granite 
on  page  248. 

The  country  near  the  north  line  of  Sec.  20  is  slightly  rolling,  and 
the  timber  will  average  forty  cords  of  wood  per  acre. 

Turning  south  from  the  N.  W.  corner  of  Sec.  20,  we  went  four  hun- 
dred paces  to  a  small  lake  and  camped.  The  lake  is  about  half  a  mile 
wide  by  three-fifths  of  a  mile  north  and  south.  The  water  is  pure  and 
clear,  and  the  bottom  clean  and  sandy. 

The  magnetic  attractions  are  here  quite  strong,  and  believing  that 
they  extended  across  the  lake,  we  constructed  a  raft  to  determine  the 
fact.  Tracing  the  attractions  eastward  along  the  shore,  we  found  that 
they  continue  but  a  short  distance,  taking,  apparently,  a  northeast- 
erly direction.  Coasting  along  the  east  shore  to  the  southeast  corner 
of  the  lake,  and  finding  no  more  magnetic  attraction,  we  returned  to 
camp,  and  afterwards  paddled  around  the  northwest  shore.  The 
attraction,  though  feeble,  still  exerts  an  influence  on  the  needle  until 
we  reach  the  northwest  corner  of  the  lake,  but  from  thence  to  the 
south,  it  very  soon  ceases. 

September  SO.    Desiring  to  learn  something  more  of  the  extension 
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of  the  Iron  range  in  Sec.  16,  and  to  the  east,  we  proceeded  to  the  south- 
west quarter-post  of  Sec.  15,  and  thence  due  northwest.  See  plate 
XXVII.  The  magnetic  variation  at  the  quarter-post  is  60'  to  the 
west,  and  the  dip  is  zero.  At  three  hundred  and  eighty  paces,  how- 
ever, on  this  northwest  course,  the  variation  is  4*  west,  and  the  dip  is 
16*  positive.  At  one  hundred  and  fifty  paces  more,  the  variation  is  5* 
east  and  the  dip  5*.  Thrqo  hundred  and  fifty  paces  north,  and  thir- 
teen hundred  and  fifty  paces  west  from  the  southeast  corner,  we  cross 
the  Marengo  river,  the  current  of  which  is  rapid  and  the  width  about 
twenty  feet.  Further  to  the  northwest,  the  magnetic  variation  changes 
to  the  west,  and  the  dip,  at  first  zero,  becomes  slightly  negative. 
Turning  south,  we  follow  the  west  line  of  Sec.  15  to  its  southwest 
comer. 

To  illustrate  how  poorly  the  government  surveys  have,  in  some  in- 
stances, been  done,  especially  thrcmgh  this  region,  I  will  mention  that 
the  west  line  of  Sec.  15  is  only  three-fourths  of  a  mile  long;  in  other 
words,  it  is  only  eighty  rods  from  the  southwest  corner  to  the  quarter- 
post  on  the  west  line  of  the  section.  Probably  the  government  sur- 
veyors undertook  to  run  with  the  compass  needle,  and  the  results  are, 
as  might  readily  be  supposed,  very  unsatisfactory. 

Three  hundred  paces  north  of  the  S.  W.  corner  of  Sec.  15,  we  again 
cross  the  Marengo  river,  and  on  its  south  bank  we  ascend  a  sharp  hill ; 
and,  at  a  short  distance  to  the  west,  is  a  large,  abrupt  bluflf,  facing  to 
the  north.  The  ridge  has  an  east  and  west  trend,  and  its  highest 
point  is  about  two  hundred  feet  above  the  river.  The  rock  is  a  dio- 
rite,  very  dark  green  in  color,  of  medium  grain  and  crystalline  texture, 
and  weathers  to  a  dark  drab  color.  The  cleavage  planes  of  the  am- 
phibole  can  be  readily  made  out;  also  a  few  black,  metallic-like  grains 
of  magnetite. 

Under  the  microscope^  there  may  be  recognized  plain  and  striated 
crystals  of  feldspar,  amphibole,  and  an  occasional  crystal  of  pyroxene, 
and  a  few  grains  of  magnetic  ore.  The  crystals  of  orthoclase  are 
quite  large,  and  thickly  strewn  in  them  are  fibrous  fragments  of  am- 
phibole. The  slender  crystals  of  plagioclase  often  lie  partially  within 
the  orthoclase,  while  the  other  portion  of  the  same  crystal  lies  within 
the  amphibole.  North  of  the  river,  near  the  route  we  traversed,  is 
some  good  pine  timber. 

Turning  northwest  again,  we  pass  over  the  ledge  just  mentioned, 
and,  at  two  hundred  paces,  came  to  a  small,  clear  brook;  and  thence 
we  pass  over  a  narrow  ridge,  and,  at  seven  hundred  paces,  we  cross 
another  small  brook,  and  at  a  few  paces  further  along,  is  a  ledge  of 
greenstone  very  similar  to  No.  193.  This  ridge  is  about  seventy-five  feet 
Vol.  in.- 19 
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higlu  and  termioates  rery  abrnptlj  on  its  northwest  side.  Skirting 
along  the  foot  of  a  high  range  to  the  west,  we  finally  readi  a  point 
fourteen  hundred  paces  from  the  southeast  corner  of  Sec  16.  The 
Tariation  along  this  ronte  averaged  abont  8*  to  the  west,  and  the  dip- 
ping needle  indicated  zero  until  we  reached  the  center  of  the  aection, 
where  it  gave  a  n^;atiTe  dip  of  10*. 

Changing  our  course  to  due  south,  we  ascend  the,  at  first,  easy  rise 
of  the  range,  which  Tcry  soon  becomes  steeper,  while  the  negative 
dip  increases,  and  at  seven  hundred  and  twenty-five  paces  north  of  the 
south  quarter-post  of  Sec  16,  on  the  steep  side  of  the  ridge,  is  a  ledge 
of  hornblende  rock,  simikr  to  193.  The  ledge  is  intersected  by  gran- 
ite veins,  simihir  to  the  ledge  near  the  northwest  comer  of  Sec  20, 
described  on  page  287.  Continuing  south  for  one  hundred  and  twentj- 
five  paces,  we  ascend  to  the  summit  of  the  range,  where  is  a  loose 
ledge  of  magnetic  schist  There  can  be  no  doubt  but  that  there  is  a 
narrow  belt  of  magnetic  schist  underlying  this.  Twenty-five  paces 
farther  south  is  a  low  ledge  of  hornblende  rock;  and  on  the  summit 
of  the  range  are  numerous  boulders  of  coarse  grained  diabase  The 
range  is  about  three  hundred  feet  above  the  general  level  of  the 
country. 

At  four  hundred  and  seventy-five  paces  from  the  south  quarter- 
post,  the  range  begins  to  descend  to  the  south.  There  are  severs! 
ledges  of  diorite  about  here,  similar  to  197,  and,  at  three  hundred  and 
seventy-five  paces  north  of  the  quarter-post,  is  the  junction  of  the 
diorite  and  the  banded  magnetic  schist  The  strike  of  the  magnetic 
schist  is  N.  45*  W.,  and  the  dip  35*  northwesterly.  The  bands  are 
broad,  and  some  of  them  are  an  inch  in  width.  The  magnetic  belt  is 
one  hundred  paces  wide,  measured  on  a  north  and  south  line.  Adja- 
cent to  this  is  a  massive  qnartzite. 

Fifty  paces  farther  south  occur  numerous  ledges  of  diorite,  which 
extend  to  within  seventy  paces  of  the  quarter-post  Proceeding  north- 
west from  the  south  quarter-post  of  Sec.  16,  we  climb  again  the  range, 
and  find  the  ledges  of  rock  about  in  the  same  order  as  before.  See 
plate  XXVIII  for  magnetic  attractions. 

At  one  hundred  paces  northwest  of  the  center  of  the  southwest 
quarter  of  Sec.  16,  are  ledges  of  hornblende  rock  intersected  by  granite 
veins,  and  at  one  hundred  and  fifty  paces  further  to  the  northwest  is 
another  ledge  of  hornblende  rock  similar  to  it. 

Descending  the  range  again,  we  continue  northwest,  and  pass  one 
hundred  paces  beyond  the  section  line;  then,  turning  south,  we  ascend 
once  more  the  Iron  range,  but  ere  the  summit  is  attained,  we  find 
another  low  ledge  of  hornblende  rock.    One  hundred  paces  to  the 
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sontb,  or  aix  hundred  paces  north  of  the  section  line,  begins  some 
strong  magnetie  attractions,  which  continue  south  for  three  hundred 


September  22^  Starting  in  the  afternoon  from  our  camp  near  the 
lake,  four  hundred  paces  north  of  the  northeast  corner  of  Sec.  19,  we 
went  northwesterly  to  the  north  line  of  this  section,  and  then  west 
along  the  section  line.  The  country  is  rather  flat,  and  the  timber  will 
average  from  fifty  to  sixty  cords  to  the  acre,  one-quarter  hard  wood. 
We  crossed  a  small  spruce  swamp  near  the  corner.  The  section  is 
only  about  three-quarters  of  a  mile  wide,  east  and  west 

Going  north  from  the  northwest  corner  of  Sec  19,  and  carefully 
taking  magnetic  observations,  with  the  hope  of  finding  some  traces  of 
the  Iron  range,  we  found  nothing  practically  worthy  of  notice  before 
reaching  the  northwest  comer  of  Sec.  18.  Ooing  thence  southeasterly 
to  the  southeast  corner,  we  could  detect  no  magnetic  variations.  The 
land  in  Sec  18  is  slightly  rolling,  and  the  timber  a  mixture  of  soft 
and  hard  wood,  which  will  yield  fifty  cords  per  acre,  one-half  hard 
wood. 

September  23.  We  broke  camp  this  morning,  and  I  determined  to 
follow  the  magnetic  attractions,  as  yesterday's  work  gave  no  clue  as 
to  the  continuation  of  the  magnetic  range.  Starting  westward  along 
the  shore  of  the  lake,  we  traced  the  belt  for  six  hundred  paces  quite 
readily,  but  from  this  point  our  sensitive  solar  compass  needles  were 
but  little  affected.  See  plate  XXVIII.  The  variation  was  from  5  • 
east  to  2*  west,  while  the  dipping  needle  stood  at  zero. 

Coming  upon  a  small  lake,  we  passed  around  its  north  end,  and 
thence  to  the  northwest  corner  of  the  section ;  here  laying  aside  our 
packs,  we  proceeded  south,  but  our  needles  were  not  afiected  for  the 
first  four  hundred  paces.  In  the  next  fifty  paces,  the  dipping  needle 
indicated  5*  negative  dip,  which  continued  the  same  for  the  next  fifty 
paces,  the  solar  compass  still  standing  at  zero.  At  five  hundred  and 
fifty  paces,  the  solar  compass  gave  a  3  *  variation  westerly,  and  the  dip- 
ping needle  a  positive  dip  of  5*.  This  rapidly  increased  for  the  next 
hundred  paces,  the  variation  becoming  22*  to  the  west,  and  the  dip  33* 
positive.  Continuing  south,  the  attraction  soon  ceases,  and  at  eight 
hundred  and  fifty  paces  south  of  the  corner,  the  dipping  needle  stands 
at  zero,  and  the  variation  is  zero. 

Having  been  told  that  there  was  iron  ore  on  the  north  shore  of 
Long  lake,  we  proceeded  west  along  the  north  line  of  Sec  24,  T.  44, 
R.  6  W.,  hoping  thereby  to  again  cross  the  magnetic  belt.  At  one 
hundred  paces  west  from  the  northeast  corner  of  Sec  24,  and  one 
hundred  paces  north  of  the  line,  is  the  south  corner  of  a  small  lake 
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the  dimenBioDB  of  which  are  about  one  hundred  rods  east  and  west, 
and  a  half  mile  north  and  south,  embracing  nearly  all  of  the  southeast 
quarter  of  Sec.  13. 

We  found  no  magnetic  attractions  along  the  north  line  of  the  sec- 
tion, indicating  that  the  range  must  be  somewhere  to  the  south,  not- 
withstanding the  reports  to  the  contrary. 

Pitching  our  tents  near  the  northwest  corner  of  Sec.  24,  we  retraced 
our  steps  along  the  section  line  to  within  five  hundred  paces  of  the 
northeast  comer  of  Sec.  24,  and  then  turned  south  to  cross  the  line  of 
attraction  already  observed  on  the  east  line  of  the  section.    Four 
hundred  paces  from  the  line,  we  came  to  a  lake  which  is  not  laid  down 
on  the  government  plats.    This  lake,  as  may  be  seen  by  consulting 
plate  XXIX,  is  about  three-fourths  of  a  mile  in  length,  north  and 
south,  and  will  average  one-third  of  a  mile  wide.    It  is  located 
entirely  in  the  east  half  of  Sec.  24,  and  occupies,  therefore,  about  one- 
half  of  this  area.    Traveling  around  on  the  west  side  of  the  lake,  we 
expected  at  every  step  to  find  magnetic  attractions.    Six  hundred 
paces  south  from  the  north  line  of  the  section  begins  some  low,  wet 
ground,  leading  soon  into  an  open  tamarac  swamp.    See  plate  XXIX. 
The  dipping  needle  gives  in  the  swamp  a  negative  dip  of  5*  to  10*, 
the  solar  compass  indicating  only  a  small  westerly  variation;  but  just 
as  we  reach  the  southern  limits  of  the  swamp,  four  hundred  paces 
from  the  south  line  of  the  section,  the  needle  gave  a  positive  dip  of 
10*,  and  the  solar  compass  turns  to  14*  west.     Continuing  south  to 
within  one  hundred  paces  of  the  south  section  line,  the  dip  becomes 
zero,  and  the  west  variation  also  diminishes.    Going  due  west  for 
two  hundred  paces,  Ae  west  variation  increases  to  15*.     Turning 
north  for  two  hundred  paces,  we  find,  at  three  hundred  paces  north 
and  twelve  hundred  paces  west  from  the  southeast  corner  of  Sec.  24, 
a  variation  of  60*  west  and  a  dip  of  40*.    Thence  turning  west  for 
one  hundred  paces,  the  variation  changes  to  five  degrees  east  and  the 
dip  becomes  zero,  showing  that  this  point  is  west  of  the  magnetic  belt, 
and  that  the  lines  of  attraction  have  a  southwesterly  direction.    Pro- 
ceeding due  southwest  to  the  south  line  of  the  section,  the  magnetic 
attractions  continue  to  remain  strong. 

Wishing  to  eonnect  our  work  with  the  government  survey,  we  went 
due  west  to  the  corner.  The  attraction  very  soon  ceased,  and  at  the 
comer  the  variation  was  only  2  •  east  and  the  dip  zero.  Going  now 
south  for  one  hundred  and  fifty  paces,  the  variation  becomes  again 
24*  east,  and  the  dip  45*.  At  fifty  paces  more  the  variation  changed 
to  68  •  west,  and  the  dip  became  30  %  with  quick  vibration.  Eetnrning 
north  to  camp,  we  passed  over  a  low  rise  of  ground,  and,  at  three  hun- 
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dred  and  fifty  paces  from  the  southwest  comer  of  Sec.  24:,  we  came  to  an 
old  windfall,  burnt  over,  and,  along  this  rise  of  ground,  passes  the  old 
Marengo  Indian  trail.  The  timber  of  the  north  half  of  this  section 
consists  of  hemlock,  birch,  spruce,  cedar,  and  balsam  fir,  and  will  cut 
fifty  cords  per  acre,  one-fourth  hard  wood.  The  timber  of  the  south 
half  is  tamarac,  etc.,  the  land  being  mostly  swampy.    See  plate  XXIX. 

September  S3.  Last  night  there  was  a  severe  thunder  storm,  accom- 
panied with  high  wind,  which  blew  down  much  standing  timber.  The 
reverberations  of  thunder  were  remarkably  prolonged  and  loud.  We 
gathered  up  our  camp  equipage,  and  proceeded  south  to  where  we 
had  left  the  line  of  attraction.  Sending  our  Indian  packer  on  the 
Marengo  trail,  to  a  small  lake  in  the  west  half  of  Sec.  26,  we  pro- 
ceeded southwest  The  magnetic  attractions  were  strong  and  easily 
traced.  See  plates  XXIX  and  XXX  Six  hundred  paces  southwest- 
erly from  the  northeast  corner  of  Sec.  26,  we  leave  the  swamp 
and  come  upon  higher  ground.  Arriving  at  a  point  six  hundred 
and  fifty  paces  north  and  one  thousand  paces  west  of  the  southeast 
corner  of  Sec.  26,  the  variation  had  gradually  decreased  until  it  was 
now  only  2  '*  east,  and  the  dip  zero.  Going  southeast,  the  needles 
were  again  strongly  afiected,  and  at  four  hundred  and  three  hundred 
paces  north  and  seven  hundred  paces  west  of  the  southeast  corner  of 
Sec.  26,  are  some  low  ledges  of  banded  magnetic  schist,  which  are 
plainly  bedded,  and  have  a  strike  of  S.  50  *  W.,  and  at  one  hundred 
paces  southwest  of  this  point  the  strike  is  S.  60"  W.,  while  the  dip  of 
the  bedding  is  40  *  to  the  northwest.  The  magnetic  schist  is  mixed 
largely  with  actinolite  and  silica.  Between  these  two  magnetic  belts 
are  ledges  of  massive  diorite,  similar  to  198. 

The  timber  on  the  north  side  of  the  line  of  attraction  is  of  a  fine 
quality,  and  consists  of  sugar  maple,  birch,  elm,  ironwood,  linden  and 
fir,  and  will  cut  sixty  cords  per  acre,  two-thirds  hard  wood.  South  of 
the  range,  the  timber  is  hemlock,  birch  and  fir. 

Proceeding  now  S.  64:*  W.,  we  found  the  variations,  at  first,  chiefly 
to  the  east,  and  then  slightly  to  the  west  for  a  short  distance,  when  it 
changes  to  the  east  and  then  again  to  the  west.  See  plate  XXX.  At 
a  point  fifteen  hundred  paces  west  from  the  corner,  we  turned  north 
from  the  south  line.  The  variations  remained  to  the  west,  and  the 
dipping  needle  stood  practically  at  zero,  until  we  reached  a  distance 
of  six  hundred  and  fifty  paces  north  of  the  line,  where  the  variations 
suddenly  changed  to  30*^  east,  and  the  dip  was  5*^  positive. 

Thinking  that  the  attraction  might,  possibly,  be  due  to  a  large 
boulder,  we  continued  two  hundred  paces  farther  to  the  lake — Trap- 
pers— and  then  along  the  southeast  shore  to  where  our  Indian  had 
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camped.  We  found  the  bottom  of  the  lake  sandy  and  the  water  clear. 
Returning  after  dinner  to  investigate  the  matter  of  the  boulder,  we 
found  that  there  was  a  narrow  belt  of  attraction,  having  an  easterly 
and  westerly  direction.  Tracing  it  westward  into  the  lake,  we  then 
turned  and  traced  it  eastward,  on  the  somewhat  crooked  line  repre- 
sented on  plate  XXX,  to  where  we  had  left  it  in  the  forenoon.  There 
were  no  more  outcrops  of  magnetic  schist,  but  at  four  hundred  paces 
north  and  twelve  hundred  paces  west  of  the  S.  E.  comer  of  Sec.  26,  is 
a  ledge  of  diorite,  similar  to  those  farther  east.  Again  returning  to 
the  lake,  we  camped  on  the  south  side  of  it,  just  west  of  the  east  line 
of  Sec.  27. 

September  ^4,  We  went  westerly,  along  the  south  side  of  the  lake, 
and  then  along  the  west  side,  but  not  finding  any  notable  attractions, 
we  continued  around  to  the  north  side,  with  no  better  success,  and 
then  along  the  east  side  to  the  south  again,  to  where  the  range  passes 
into  the  lake;  making  a  raft  we  endeavored  to  trace  the  attractions  on 
the  lake,  but  they  were  feeble,  and  as  the  afternoon  was  cloudy,  pre- 
venting the  use  of  the  solar  compass,  we  were  confined  to  the  dip 
compass,  which  was  not  suflSciently  sensitive  to  be  of  much  aid 
to  us. 

We  went  south  on  the  east  line  of  Sec  27  to  the  southeast  comer, 
passing  through  fine  hard  wood  timber,  and  then  turned  west,  taking 
the  variation  as  near  as  possible  from  the  south  line  of  the  section. 
At  six  hundred  paces  on  this  line,  the  dipping  needle  was  slightly  dis- 
turbed, and  a  gleam  of  sunshine  enabled  us  to  use  the  solar  compass, 
by  which  we  found  a  variation  of  18  *  W.,  which  increased  to  28  *  W. 
at  fifty  paces  further  west.  This  decreased,  and  at  eight  hundred 
paces  west  it  was  5*  W. 

Septemher  25.  We  broke  camp  and  proceeded  southwest  to  where 
we  were  at  work  yesterday,  and,  continuing  the  same,  we  reached  the 
northwest  corner  of  a  small  lake — Cranberry  — fifteen  hundred  paces 
north  and  one  thousand  paces  west  of  the  southeast  corner  of  Sec.  34. 
The  shores  of  the  lake  are  comparatively  low  and  sandy.  It  lies 
chiefly  in  the  northeast  quarter  of  Sec.  34,  and  embraces  about  one- 
half  of  this  area.  Skirting  along  the  west  shore  of  the  lake,  we  leave 
the  line  of  magnetic  attraction  to  the  east;  but  proceeding  east  from 
the  south  end  of  the  lake,  two  hundred  paces,  and  then  south  and 
east  again  across  a  low  cranberry  marsh  to  a  rise  of  land  (see  plate 
XXXI),  we  find  the  magnetic  belt  again.  The  variation  at  six  hun- 
dred and  fifty  paces  north  and  ten  hundred  and  fifty  west,  is  2*  east, 
and  the  dip  zero.  At  fifty  paces  east,  the  variation  is  6*  east,  and  the 
dip  10  •.    At  twenty  paces  further  the  attractions  are  the  same.    Still 
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twenty -five  paces  more,  the  variation  becomes  zero,  and  the  dip  is  12  •; 
and  at  fifty  paces  more,  the  variation  is  8  *  west,  and  the  dip  is  10^ 

The  back-water  of  Nemakagon  lake,  from  the  dam  at  its  outlet, 
overfiows  here,  and,  through  the  dead  timber  to  the  south,  can  be  seen 
the  open  lake  not  more  than  thirty  rods  away.  We  traveled  to  the 
\rest,  around  this  back-water,  and  thence  southwesterly  to  a  camping 
place  on  the  north  side  of  Nemakagon  lake.  This  point  is  located 
three  hundred  paces  north  and  thirteen  hundred  paces  west  of  the 
eontheast  corner  of  Sec  34.  The  attraction  here  is  4*  W.,  and  the 
dip  5*  negative.  We  built  a  raft  and  paddled  easterly  across  the  nar- 
row bay  to  a  point  of  land,  where  the  solar  compass  gave  a  variation 
o£  4*  west,  which  increased  to  12*  west.  See  plate  XXXI.  Farther 
east  it  decreased,  and  at  six  hundred  paces  east-southeast,  the  varia- 
tion was  4*  west,  and  the  dip  needle  stood  at  zero.  At  the  south- 
west extremity  of  this  point  of  land,  two  hundred  paces  south  from 
where  we  landed,  the  variation  is  10*  west,  which  decreases  to  the 
eastward.  This  would  seem  to  indicate  that  the  range  was  making  a 
southwesterly  turn. 

Keturning  to  the  spot  where  we  landed,  we  went  easterly,  skirting 
along  on  the  shores  of  the  bay,  and  thence  went  northerly,  intending 
to  go  to  the  north  end  of  this  bay  where  we  were  before  noon ;  but  we 
were  prevented  from  reaching  there  by  the  back-water.  We  found, 
however,  no  greater  variation  than  already  noticed  to  the  south,  and 
the  dipping  needle  did  not  change  from  zero. 

Again  boarding  our  raft,  we  paddled  nearly  due  southwest  to  a 
sharp  point  of  land  —  see  map  —  but  the  attractions  were  practically 
nothing.  Leaving  the  raft,  we  went  along  the  shore  to  camp,  but 
detected  no  variation  of  our  needles. 

September  26.  We  returned  to  our  raft  and  paddled,  at  first,  nearly 
due  south  to  the  south  end  of  an  irregularly  shaped  peninsula,  and 
thence  southwesterly  to  a  point  on  the  main  shore  about  five  hundred 
paces  north  and  three  hundred  paces  west  of  the  southeast  corner  of  Sec. 
4.  On  account  of  back-water  we  were  obliged  to  go,  at  first,  northwest 
to  near  the  center  of  the  section,  and  thence  southwesterly  for  nearly  a 
mile,  when  our  further  progress  was  cut  off  by  the  back-water  from 
the  dam.  We  were  now  compelled  to  go  northerly  for  about  a  quarter 
of  a  mile  in  order  to  get  around  the  back-water,  which  had  overflowed 
a  tamarac  swamp.  Finally  getting  around  this,  we  proceeded  again 
to  the  southwest,  and  soon  struck  a  trail,  which  brought  us  to  a  dam 
on  the  Nemakagon  river.  This  dam  is  about  fifteen  feet  high,  and  is 
located  at  thirteen  hundred  paces  north  and  eighteen  hundred  west 
from  the  southeast  comer  of  Sec.  8,  T.  43,  R.  7  W.    South  of  here 
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a  short  distance  we  found  the  strongest  magnetic  attraction  observed 
during  the  day,  the  variation  being  7*  west;  following  a  wagon  road, 
we  reached  Chalmers'  camp,  fourteen  hundred  paces  north,  and  one 
hundred  west  of  the  southeast  comer  of  Sec.  7.  After  procuring 
some  supplies,  we  returned  to  the  dam,  and  examined  further  tlie 
magnetic  attraction  already  noted.  Constructing  a  raft  out  of  some 
loose  plank  which  we  found,  we  paddled  and  poled  up  the  river.  Just 
above  the  dam  the  variation  becomes  50*  east,  but  this  soon  ceases, 
and  our  needles  for  the  remainder  of  the  voyage  remained  at  zero. 
Although  there  is  no  'perceptible  current  in  the  river,  owing  to  the 
back-water,  still  the  channel  can  be  easily  followed  by  the  dead  timber 
which  borders  it;  the  general  direction  of  the  stream  is  easterly  until 
it  crosses  the  east  line  of  Sec.  8,  when  it  makes  a  sharp  northeast  turn, 
and  we  enter  the  lake  at  the  north  end  of  a  narrow  bay.  Turning 
south,  we  rounded  a  sharp  point  of  land.  The  sun  having  gone  down, 
and  it  being  quite  dark,  we  were  obliged  to  hug  the  shore  in  order  to 
find  the  narrow  channel  between  the  peninsula  and  a  large  island, 
shown  on  the  government  plat  —  see  map.  The  night  was  cold,  and 
as  our  means  of  propulsion  were  limited  to  a  couple  of  limber  fish 
poles  and  a  short  piece  of  a  board,  our  progress  was  necessarily  slow. 
Our  only  light  came  from  the  feeblp  twinkling  of  the  few  stars  not  ob- 
scured by  the  clouds,  which  made  the  deep  shadows  from  the  overhang- 
ing trees  appear  still  darker,  rendering  it  a  matter  of  much  diflBculty  to 
find  the  narrow  passage  for  which  we  were  in  search,  but  finally  we 
succeeded.  Still  we  were  not  certain  whether  it  were  the  right  one. 
Entering  the  north  basin  of  the  lake,  our  camp  fire  was  nowhere  visi- 
ble, but  soon  answering  shouts  responded  to  our  calls.  Encouraged, 
we  paddled  away  and  were  speedily  gratified  with  the  cheering  view 
of  our  blazing  camp  fire  casting  its  comforting  gleams  across  the  dark 
waters  of  the  silent  lake.  Our  troubles  were  now  quickly  dissipated, 
and  we  enjoyed  the  additional  pleasure  in  finding  at  camp  an  old 
Indian  with  a  birch  canoe,  the  advantages  of  which  our  recent  expe- 
rience had  taught  us  to  appreciate. 

September  27,  Having  engaged  the  Indian  and  his  canoe,  we  pro- 
ceeded in  it  to  where  we  had  the  day  before  left  our  first  raft,  making 
magnetic  observations  constantly.  We  went  easterly  to  the  northeast 
point  of  the  peninsula,  but  could  detect  no  magnetic  attraction.  The 
peninsula  is  the  most  elevated  land  near  the  lake,  and  rises  at  its  east- 
ern extremity  to  one  hundred  and  fifty  feet  above  the  surface  of  the 
water.    It  is  timbered  with  good  hard  wood  and  scattering  pine. 

We  were  hopeful  that  this  was  a  portion  of  the  range,  but  were 
unable  to  verify  the  supposition.    Crossing  the  channel  to  the  island. 
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we  continued  our  examination  there,  but  met  with  no  better  success. 
Re-embarking,  we  proceeded  to  the  north  shore  of  the  lake  and  then 
coasted  along  it  to  camp,  but  could  find  no  trace  of  the  magnetic  belt 
The  afternoon  being  cloudy  and  rainy,  rendering  it  impossible  to  use 
the  solar  compass,  we  went  to  pick  some  cranberries  and  shoot  ducks, 
of  which  there  were  an  abundance,  and  met  with  excellent  success. 

September  S8.  Believing  the  range  to  be  somewhere  to  the  south- 
west, we  broke  camp  this  morning,  and  putting  our  luggage  into  the 
canoe  with  the  two  Indians  and  the  old  trapper's  five  dogs,  Brother- 
ton  and  myself  got  on  to  the  plank  raft,  and,  fastening  a  tow  line  to 
the  canoe,  we  set  out  for  the  dam.  The  wind,  blowing  quite  fresh 
at  starting,  increased  to  almost  a  gale  when  we  were  about  half  way 
across  the  lake.  Our  fair-weather  bark  was  tossed  about  in  a  manner 
that  rendered  our  destination  a  little  uncertain.  Brotherton  couldn't 
swim  a  stroke  and  therefore  took  great  interest  in  the  craft  —  a  sort 
of  a  life  lease.  The  raft  was  constructed  of  three  planks  and,  of  course, 
had  little  superfluous  buoyancy  to  bear  the  additional  weight  of  the 
waves  by  which  it  was  occasionally  submerged.  Our  Indians,  for 
once,  seemed  to  appreciate  the  danger  of  the  situation  and  plied  their 
paddles  lustily  to  reach  the  channel,  where  the  water  became  smoother. 
It  now  beginning  to  rain  and  hail,  we  went  ashore,  covered  up  the 
baggage,  and  built  a  fire  to  dry  ourselves,  for  we  had  become 
thoroughly  drenched  from  the  rain  and  the  waves,  having  been  some 
of  the  time  almost  under  water.  Impatient  of  delay,  we  cut  short  our 
sojourn  and  again  took  to  our  craft  to  resume  observations.  The 
needle,  however,  remained  at  zero. 

We  arrived  at  the  dam  about  noon,  and  pitched  our  camp  west  of 
the  dam,  thirteen  hundred  paces  north  and  fifteen  hundred  west  from 
the  southeast  corner  of  Sec.  8.  After  dinner  the  old  Indian,  who  had 
always  lived  in  this  vicinity,  volunteered  to  take  us  to  some  ledges  of 
rock,  but  like  nearly  all  Indian  stories  of  this  kind,  his  information 
proved  to  be  of  no  value,  for  the  ledges  turned  out  to  be  boulders. 

Chalmers'  camp  was  in  charge  of  Mr.  Dickson,  who  had  cleared  up 
and  planted  a  couple  of  acres.  He  was  unable  to  give  the  location  of 
his  camp. 

l^Torth  of  the  camp  there  is  a  variation  of  7"  west  and  a  positive  dip 
of  10*.  "We  started  out  on  a  wagon  road  running  northwesterly,  and 
took  magnetic  observations,  and  came,  in  about  a  mile,  to  an  east  and 
west  section  line,  which  we  followed  east  to  the  southeast  comer  of 
Sec.  7,  T.  43,  R  7  W.,  and  then  turned  north.  The  dip  compass  was 
but  little  affected,  and  the  solar  compass  varied  from  2*  to  6*  west. 
There  seems  to  be  a  broad  belt  of  feeble  attraction  in  this  locality. 
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The  country  is  undulating,  and  the  timber  fine  hard  wood  with  patches 
of  good  pine. 

Sepiemher  29.    As  it  rained  steadily  all  day,  we  remained  in  camp. 

September  30.  We  took  the  old  wagon  road  for  Greeley's  old  log- 
ging camp.  See  map.  At  one  side  of  this  road,  in  the  N.  W.  qr.  of 
the  S.  W.  qr.  of  Sec.  6,  T.  43,  il.  7,  are  some  low  ledges  of  green- 
stone belonging  to  the  Copper  series.  Greeley's  old  logging  camp,  on 
the  south  bank  of  the  Xemakagon  river,  is  in  the  N.  £.  qr.  of  Sec.  1, 
T.  43,  R  T. 

We  took  our  course  up  the  river,  following  the  old  logging  road  to 
the  range  line,  and  thence  proceeded  north  across  the  river.  A 
ledge  of  greenstone  forms  the  rapids  in  the  river  at  this  point.  The 
rock  belongs  to  the  Copper  series  and  contains  nodules  of  delessite  and 
epidote;  also  small  bunches  of  pyrite  and  chalcopyrite.  Going  now 
up  the  river  on  the  north  side  of  the  stream,  brought  us  to  camp;  but 
we  found  no  magnetic  attraction.  Starting  from  the  west  quarter- 
post  of  Sec.  8,  we  proceeded  southeast  to  the  south  quarter- post  of  this 
section,  passing  over  fine  hard  wood  land.  From  thence  we  went  due 
south  a  distance  of  eight  hundred  paces,  to  a  small,  irregular  shaped 
lake,  which  is  about  sixty  rods  in  width  at  the  widest  part.  Turning 
northwesterly,  we  went  to  the  northwest  corner  of  Sec  17,  having 
found  no  magnetic  attraction. 

The  timber  in  Sees.  8  and  17  is  excellent  hard  wood,  the  land  is  roll- 
ing, some  of  the  ridges  are  quite  steep,  but  no  outcrops  could  be 
found  on  them.  Scattered  over  the  surface  are  frequently  seen  angu- 
lar boulders  belonging  to  the  Copper  series.  The  soil  is  a  sandy, 
gravelly  loam. 

Odoher  1.  We  started  this  morning  for  the  small  lake  near  the 
center  of  Sec.  17,  and  then  proceeded  southeasterly  to  the  southeast 
corner  of  17.  Ilere  we  turned  east  and  came  to  Kemakagon  lake, 
near  the  south  quarter- post  of  Sec.  16. 

Proceeding  southward  along  the  shore  of  the  lake,  to  a  [point  six 
hundred  paces  south  from  the  north  line  of  Sec.  21  (see  map),  in  order  to 
get  around  the  deep  bayous,  which  are  formed  by  the  back-water  from 
the  dam  in  the  river,  and  again  changing  our  course,  we  went  east- 
erly for  two  miles,  to  a  small  stream,  crossing  the  north  line  of  Sec 
23,  seven  hundred  paces  east  from  its  northwest  corner.  We  saw 
no  outcrops  of  rock  along  the  line  we  had  traveled,  but  in  the  bed  of 
the  creek  were  many  angular  boulders.  The  drift  is,  apparently,  very 
deep.  The  general  aspect  of  the  country  is  very  similar  to  that  of  the 
Laurentian  area.  The  timber  on  the  south  shore  of  the  lake  consists, 
chiefly,  of  white  birch,  hemlock,  and  some  pine;  and  the  soil  is  sandy. 
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Careful  magnetic  observations  failed  to  detect  any  attraction,  the 
needle  remaining  constantly  at  the  zero  point  Judging  that  the  range 
must  pass  somewhere  near  our  camp,  we  returned  to  near  the  south 
quarter-post  of  Sec.  16,  watching  closely  our  compass,  but  with  the 
same  result  as  before,  discovering  no  variation.  Proceeding  now 
northeasterly  to  the  small  lake  in  the  central  portion  of  Sec.  17,  and 
thence  duo  north  on  a  line  seven  hundred  paces  west  from  the  eAst 
line  of  Sec  17,  and  thence  west  along  the  north  line  of  this  section, 
we  found  no  magnetic  attractions  on  the  lines  traversed.  Turning 
north  and  then  northeasterly,  we  passed  through  Sec.  8  to  the  dam, 
and  found  as  we  approached  it  that  the  westerly  variation  began  to 
reappear. 

October  2.  Proceeding  this  morning  southwesterly  from  Chalmers' 
camp,  along  a  logging  road,  we  cross  the  south  line  of  Sec.  7,  about 
midway  between  the  quarter-post  and  the  southwest  quarter-post  cor- 
ner, and  pass  into  the  northwest  quarter  of  Sec.  18,  and  only  a  short 
distance  further  we  enter  an  open  spruce  swamp. 

The  logging  road  takes  a  more  southerly  direction,  and  the  magnetic 
attraction  in  Sec.  7  continually  diminished,  until,  in  Sec.  18,  it  became 
practically  nothing.  Changing  our  direction  to  a  due  southwest 
course,  we  left  the  swamp  near  the  east  line  of  Sec.  13,  T.  43,  R.  7, 
but  continued  our  course  until,  intersecting  the  north  and  south  center 
line  of  Sec.  13,  we  turned  south  to  the  quarter -post,  which  is  near  the 
east  margin  of  a  large  cedar,  tamarac  swamp.  Going  due  west  from 
the  quarter-post,  we  find  the  swamp  to  extend  for  nearly  a  mile  in  this 
direction.  After  leaving  it,  we  passed  through  the  northerly  part  of 
an  extensive  wind-fall,  grown  over  with  hazel  bushes.  It  has  a  west 
and  southwest  direction.  We  found  the  southwest  corner  of  Sec.  14 
situated  on  the  edge  of  pine  barrens,  many  miles  in  extent  to  the  west- 
ward. We  found  no  magnetic  attractions  along  the  lines,  but  at  the 
corner  the  solar  compass  gave  a  variation  of  4*  west,  and  on  turning 
north  on  the  section  line,  this  variation  increased,  becoming  7*  west, 
at  two  hundred  and  fifty  paces  further  north,  and  also  giving  a  pos- 
itive dip  of  15*.  One  hundred  paces  west  from  this  point  is  Pendle- 
ton's camp,  now  occupied  by  W.  II.  Chalmers.  Learning  of  some 
ledges  of  rock  on  the  river,  at  a  point  about  two  miles  to  the  west,  we 
concluded  to  visit  the  locality,  and  accordingly  proceeded  northwest- 
erly in  this  direction  for  about  one-fourth  of  a  mile,  to  the  main  supply 
road,  and  thence  along  this  road  southwesterly  and  westerly,  making 
constantly  magnetic  observations  with  the  solar  compass  and  dipping 
needle.  The  country  is  chiefly  pine  barrens,  with  occasional  patches 
of  pine,  which  was  cut  over  a  few  years  ago.    The  soil  is  sandy  and 
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the  surface  moderately  rolling.  We  meandered  the  road  as  well  as  wc 
were  able,  considering  the  many  bends.  See  map.  The  solar  compass 
needle  varied  from  2*  to  7*  west,  and  the  dipping  needle,  along  the 
main  supply  road,  did  not  give  a  dip  exceeding  5*.  The  waters  of  the 
small  streams  which  cross  the  road  are  cool  and  pure  as  spring  water. 
In  the  northwest  quarter  of  Sec.  21,  T.  43,  E.  7,  the  road  crosses  the 
Nemakagon  river,  on  the  north  bank  of  which  are  the  ruins  of  an  old 
logging  camp,  and  northwesterly  from  the  camp  are  some  ledges  of 
diabase,  which  I  think  belong  to  the  Copper  series. 

There  are  no  magnetic  attractions  over  these  rocks,  but  on  being 
pulverized,  some  small  particles  adhere  to  the  magnet  TVe  re- 
turned to  the  bridge,  and  crossing  to  the  south  side  of  the  river  pro- 
ceeded to  where  were  to  be  seen  some  white  patches  of  rock,  which 
proved  to  be  granite.  These  ledges  are  low  and  the  bedding  planes  are 
much  contorted.  The  average  strike  is  east  and  west.  The  color  is 
reddish  and  light  gray,  and  has  a  medium  grained  texture.  The  three 
essential  minerals,  the  feldspar,  quartz  and  mica,  are  plainly  visi- 
ble. The  mica  (biotite)  occurs  in  black  bunches  and  narrow  seams. 
Under  the  microacopey  plain  and  striated  feldspar  may  be  seen ;  the 
former,  however,  is  in  excess  of  the  latter.  The  biotite  is  dark  brown 
and  very  strongly  dichroitic,  while  the  quartz  grains  are  angular  and 
irregular  in  shape,  and  contain  fluid  inclusions,  but  no  salt  cubes  can 
be  detected.  South  of  this  locality,  and  a  little  to  the  cast,  is  a  very 
prominent  hill,  about  three  hundred  feet  high.  It  now  being  late,  we 
retraced  our  steps  to  the  logging  camp,  and  examined,  in  the  north- 
west quarter  of  Sec.  22,  a  high,  steep  ridge,  but  found  no  outcrops 
upon  it,  or  any  magnetic  attraction. 

October  3.  Proceeding  this  morning  to  near  the  center  of  the  N.  W. 
qr.  of  Sec.  21,  and  thence  going  south  along  an  old  logging  road  to 
near  the  south  line  of  the  section,  we  turned  southeasterly  to  the  high 
hill  already  mentioned.  Beaching  its  summit,  we  followed  on  its 
ridge  northerly  to  the  low  granite  ledges  above  mentioned.  The  ridge 
is  timbered  with  hard  wood,  and  the  soil  is  a  sandy,  gravelly  loam. 
The  negative  attractions  observed  along  the  supply  road  extend  only 
..  ^hort  distance  to  the  south. 

The  country  to  the  north  of  this  range  is  rolling,  resembling  in  its 
topography  the  Laurentian  area.  We  were  hopeful  of  finding  out- 
crops or  ledges  of  rocks  among  these  ranges  of  hills,  but  failed.  The 
drift  is  apparently  deep.  My  impression  now  is  that  these  granite 
ledges  belong  to  the  Laurentian;  and  that  the  Huronian  series  has  so 
jlattened  in  the  dip  that  the  Copper  series  and  Laurentian  aie  brought 
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into  direct  contact,  and  the  lower  Huronian,  thereby,  covered  by  the 
Copper  rocks. 

What  leads  me  to  this  conclusion  is  that  the  belt  of  magnetic  attrac- 
tions, after  leaving  Nemakagon  lake,  seemed  to  widen  and  become 
less  definite  in  its  nature,  as  if  the  magnetic  force  were  deep  seated. 
wAjiother  fact  worthy  of  mention  is  that  all  the  float  pieces  of  rock 
we  saw  west  of  the  lake  belonged  to  the  Copper  series. 

Note.  —  The  question  is  often  asked,  "What  do  you  think  of  the  Penokee  iron 
range?  "  This  query,  though  apparently  simple,  ia  not  an  easy  one  to  answer.  Only 
yesterday  (July  8, 1879)  I  was  talking  with  some  parties  exploring  east  of  the  Penokee 
Gap,  in  the  interest  of  the  Wisconsin  Central  Railroad.  They  were  now,  after  several 
months'  explorations,  well  satisfied  that  there  was  nothing  of  value  in  the  lower  iron  belts, 
but  they  had  confidence  of  finding  the  true  iron  ore  belt  further  to  the  north;  that  is, 
higher  up  in  the  iron-bearing  series,  where  it  really  belongs.  I  truly  believe  that  good 
iron  ore  exists  in  the  Penokee  iron  range,  and  that  it  will  eventually  be  discovered.  How 
soon,  will  depend  somewhat  on  the  amount  of  attention  those  attractive  and  deceptive 
lower  iron  ore  belts  receive  from  future  explorers.  If  explorers  will  oAly  profit  by  the 
experience  of  those  who  have  "gone  before  them,'*  and  examine  the  ground  to  the  north 
of  these  worse  than  worthless  lean  ore  belts,  they  will,  in  my  opinion,  finally  meet  with 
success. 
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INTRODUCTION. 


The  area  of  the  region,  here  called  the  Western  Lake  Superior  Dis- 
trict, is  about  1,500  square  miles.  This  region  occupies  the  extreme 
northwestern  part  of  the  state,  and  is  bounded  as  follows:  On  the 
north  bj  Lake  Superior;  on  the  east  bj  the  range  line  between  town- 
Bhips  5  and  6  W.,  to  the  N.  E.  corner  of  T.  48,  R  6  W.;  on  the  south- 
east  by  a  line  passing  diagonally  across  the  townships  from  the  N.  E. 
corner  of  T.  48,  R  6  W.,  to  the  S.  W.  corner  of  T.  45,  R  9  W.;  on  the 
south  by  the  line  between  townships  44  and  45;  on  the  west  by  the 
state  line;  and  on  the  northwest  by  the  St.  Louis  river.  This  is  the 
district  which  was  assigned  to  me  in  the  spring  of  1877,  and,  while 
my  report  will  cover  much  of  the  country  adjacent  to  this,  it  is  not 
intended  to  present  anything  like  a  complete  presentation  of  the  geol- 
ogy of  these  additional  areas.  The  country  immediately  to  the  south 
of  the  district  has  been  included  upon  the  suggestion  of  Professor 
Chamberlin,  the  chief  geologist,  who  has  recently  requested  me  to 
extend  the  limits  of  my  report  sufficiently  to  cover  all  of  the  south- 
ward dipping  formations.  While  it  gives  me  great  pleasure  to  com- 
ply with  this  request,  so  far  as  my  observations  have  extended,  it 
must  be  remembered  that  this  area  was  very  carefully  surveyed  by  the 
late  Mr.  Moses  Strong,  and  has  been  quite  superficially  examined  by 
myself. 

A  small  area,  also,  outside  the  district,  has  been  mapped  and  re- 
ferred to,  consisting  of  the  silicious  and  chlorite  slates,  found  along 
the  St.  Louis  river  in  the  vicinity  of  Thompson,  Minnesota.  The 
geological  bearing,  which,  it  is  assumed,  they  have  upon  the  subject 
of  the  Lake  Superior  synclinal,  is  thought  to  be  a  sufficient  excuse 
for  alluding  to  them  in  this  report. 

In  all,  no  more  than  two  months'  time  has  been  devoted  to  the 
field-work  in  the  entire  district.  To  one  who  is  accustomed  to  the 
Lake  Superior  forests,  it  is  needless  to  remark  that  this  limited  time 
has  not  permitted  of  a  very  minute  investigation  of  so  large  an  area 
as  1,500  square  miles.  Nevertheless,  it  is  believed  tliat  all  of  the 
Vol.  III.— 20 
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prominent  geological  features  of  the  district  have  been  obtained 
except  perhaps  some  of  the  glacial  drift  features. 

Extra  time  was  given  to  special  localities,  and  areas,  learned  from 
good  authority  to  be  entirely  covered  with  drift,  were  neglected. 

To  those  who,  perhaps,  have  never  seen  a  great  unbroken  forest,  it 
may  be  interesting  to  add  that  it  is  impossible  to  travel  at  any  time  of 
the  year,  in  any  considerable  portion  of  the  district,  except  on  foot, 
and  tliat  all  of  my  traveling  was  done  in  this  manner.  Provisions 
enough  for  two  or  three  weeks,  all  instruments,  camp  equipage,  and 
specimens  were  carried  by  myself,  and  by  my  men.  In  addition  to 
the  ordinary  hardships  of  traveling  in  an  uninhabited  region,  the 
Lake  Superior  country  presents  the  difficulty  of  exceedingly  few 
roads  or  trails.  The  explorer  is  subject  to  the  incessant  annoyances 
of  having  to  clamber  over  the  trunks  of  fallen  trees,  or  to  grope  his 
way  through  dense  thickets  of  underbrush,  or  wade  through  nearly 
impassable  swamps  of  cedar.  In  following  streams,  or  passing  from 
point  to  point  through  the  forest,  even  where  there  are  no  special  ex- 
aminations to  make  and  consume  one's  time,  it  is  impracticable  to 
travel  at  a  greater  rate  than  one  mile  per  hour.  I  have  worked  hard 
and  made  less  than  six  miles  per  day.  When  the  difficulties  accom- 
panying the  exploration  of  the  district  under  consideration  are  un- 
derstood, it  will  be  realized  that  the  field  work  has  been  accomplished 
with  no  slight  bodily  labor.  At  certain  seasons  of  the  year  the  re- 
gion is  infested  with  countless  myriads  of  flies  and  mosquitoes,  which 
continually  attack  the  explorer  at  all  times  of  the  day  and  night,  ren- 
dering  existence  a  misery.  "  Fly  time  "  lasts  from  the  first  of  June 
until  about  the  middle  of  August. 

This  report  is  the  outgrowth  of  two  expeditions  made  into  the  dis- 
trict for  the  purpose  of  doing  detailed  work;  and  of  one  reconnois- 
sance.  The  first  expedition  was  undertaken  in  September  and  Octo- 
ber, 1873,  under  instructions  from  the  late  Dr.  I.  A.  Lapham.  lie 
directed  me  to  organize  a  party  at  Superior  City,  for  the  exploration 
of  the  Douglas  County  Copper  Range,  so  far  as  possible  during  one 
month's  time.  I  employed  two  men ;  one  as  cook  and  packer,  and  the 
other  as  packer,  and  spent  nearly  one  month  in  tracing  the  northern 
boundary  of  the  range,  making  sections,  visiting  the  various  abandoned 
mining  locations,  and  collecting  specimens.  The  second  expedition 
occupied  portions  of  April  and  May,  1877,  under  authority  from  Prof. 
T.  C.  Chamberlin.  For  this  expedition  I  employed  one  man  only,  as 
packer,  and  examined  a  very  much  larger  area  than  in  1873,  An  at- 
tempt was  made  to  trace  the  Douglas  County  Copper  Range  into 
Bayfield  county.     Localities  in  Douglas  county  were  revisited,  and 
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points  previoaslj  in  doabt  settled.  Some  of  the  slates  along  the  St 
Lonis  river  were  hastily  examinedy  and  a  general  survey  of  the  whole 
district  was  made.  Numerous  streams  were  followed  from  source  to 
mouth.  The  main  fact  established  by  the  expedition  is,  that  Bayfield 
county  and  Douglas  county,  south  of  the  range,  are  almost  entirely 
covered  with  vast  accumulations  of  drift 

During  the  autumn  of  1875, 1  made  an  extensive  reconnoissance  of 
the  northern  part  of  the  state,  in  company  with  Dr.  O.  W.  Wight, 
then  state  geologist  From  Stillwater,  Minnesota,  we  ascended  the 
St.  Croix  river  to  the  mouth  of  the  Eau  Claire,  from  which  point  we 
traveled  across  the  country  to  Bayfield,  thus  traversing  a  portion  of 
the  area  under  consideration.  The  notes  obtained  during  this  portion 
of  the  reconnoissance  constitute  nearly  all  of  the  information  which  I 
have  obtained  in  regard  to  the  country  to  the  immediate  south  of  the 
Western  Lake  Superior  district  They  are  quite  meagre,  as  a  few  days 
only  were  occupied  by  the  reconnoissance  in  this  part  of  the  state. 

Previous  geological  examination  of  the  district.  The  only  geo- 
logical examinations  ever  made  in  the  district  previous  to  those  of  the 
present  survey,  were  by  members  of  the  corps  under  Dr.  D.  D.  Owen, 
in  1847-8.  The  published  results  of  these  examinations  are  so  ex- 
ceedingly limited  that  they  scarcely  deserve  mention  in  this  place. 
One  or  two  pages ^  are  taken  up  by  Dr.  Korwood  in  summing  up  the 
results  of  his  hasty  examination  of  the  Nemadji  and  Black  rivers. 
Col.  Whittlesey  somewhere  refers  to  the  Aminicon  falls  in  a  few 
sentences.  Poplar  river  is  described  by  Dr.  Norwood  in  three  sen- 
tences. The  Brule  river  is  several  times  incidentally  referred  to  by 
different  members  of  the  survey.  By  far  the  most  elaborate  descrip- 
tion of  the  Brul4,  with  geological  observations  upon  the  adjacent 
country,  is  by  Dr.  Owen  himself.  It  was  not  published  in  the  final 
report  of  the  survey,  but  is  contained  in  executive  document  No.  57, 
submitted  to  congress  June  21,  1848.  Dr.  Owen  and  his  assistants 
labored  under  the  impression  that  the  cupriferous  rocks  of  the  Lake 
Superior  country  were  of  more  recent  age  than  the  accompanying 
sandstones  of  the  region;  an  impression  easily  obtained,  and  quite 
natural,  if  their  observations  had  been  limited  to  the  area  now  em- 
braced in  Douglas  county,  for  wherever  the  formations  meet,  the  sand- 
stones are  apparently  so  badly  crushed  and  tilted  that  one  readily  ob- 
tains the  idea,  upon  hasty  examination,  that  they  have  been  forced 
asunder  by  the  eruption  of  igneous  rocks. 

Of  the  arrangement  of  the  report  very  little  need  be  said.  It  has 
been  divided  into  three  chapters.  In  the  first  chapter,  under  the  sub- 
*0wen*8  (Geological  Sarvey  of  Wiaoonsiii,  Iowa  and  Minnesota. 
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ject  of  ^*  Surface  Features,"  will  be  found  a  pretty  concise  description  of 
the  country,  topography,  streams,  timber,  soil,  etc  It  was  thongbt 
advisable  to  make  this  chapter  rather  full,  from  th3  fact  that  the  dis- 
trict contains  very  few  inhabitants,  in  reality  not  a  half  dozen  resid- 
ing three  miles  distant  from  Superior  City;  it  is  seldom  visited  by 
non-residents,  and  is  an  important  section  of  the  state,  as  to  which 
reliable  information  can  very  rarely  be  obtained.  The  second  chap- 
ter, upon  "  Geological  Formations,"  is  as  brief  as  consistent  with  the 
complete  statement  of  facts,  together  with  a  limited  discussion  of  the 
geological  questions  to  which  they  seem  to  point  In  the  third  chap- 
ter, under  the  heading  of  "  Ore  Deposits  and  Mines,"  will  be  found 
a  history  and  description  of  the  abandoned  mining  locations,  with  a 
few  hints  upon  searching  for  lodes,  and  other  matters  of  minor  im- 
portance. 

Great  difficulty  has  been  met  in  determining  just  how  far  to  extend 
the  formations  on  the  accompanying  geological  map.  On  the  north 
the  line  of  junction  between  the  red  sandstones  and  the  Keweenawan 
series  has  been  quite  accurately  made  out.  To  the  south  of  this  line, 
as  far  as  outcrops  are  concerned,  we  only  know  that  the  Keweenawan 
rocks  extend  some  one  or  two  miles,  although  there  is  no  reasonable 
doubt  that,  including  the  south-dipping  sandstones,  which  are  clearly 
Keweenawan,  they  extend  under  the  vast  accumulations  of  drift  many 
miles  to  the  south.  I  have  included  two  outline  maps  in  the  body  of 
the  report,  showing  the  general  distribution  of  the  soil,  timber,  and 
geological  formations. 

This  report  has  been  prepared  under  very  unfavorable  conditions. 
In  the  first  place,  business  relations  have  called  me  to  a  locality  far 
distant  from  the  centers  of  civilization,  where  much  needed  works  of 
reference  are  not  accessible;  in  fact,  I  have  with  me  but  few  of  the 
standard  works  which  should  bo  possessed  by  every  student  of  geology. 
I  especially  deplore  my  inability  at  this  time  to  make  several  com- 
plete chemical  analyses,  which  I  had  contemplated  reporting  in  tlie 
succeeding  pages.  Several  partial  analyses  have  been  made,  but  with 
much  more  labor  than  would  have  been  experienced  in  a  well  equipped 
laboratory.  To  these  causes  must  be  attributed  in  part,  at  least,  many 
of  the  imperfections  which  may  be  found  in  the  report. 

It  affords  me  great  pleasure  to  make  the  following  acknowledg- 
ments for  aid  received  and  information  given  while  in  the  field,  or 
soon  after,  in  the  preparation  of  my  report  I  am  greatly  indebted 
to  Mr.  Thomas  Clark,  Mr.  James  Barden  and  the  late  Mr.  Thomas 
Ilogan,  with  a  few  other  residents  of  Superior,  for  favors  and  infor- 
mation while  in  Douglas  county,  and  for  information  afterwards,  with- 
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out  which  I  could  not  have  presented  satisfactorily  some  of  the  most 
important  features  of  this  report.    Mr.  Clark  aided  me  for  nearly  two 
weeks  in  the  field,  in  1873,  and  to  his  intimate  knowledge  of  the  range 
and  of  the  locality  of  outcrops  must  be  accredited  much  of  the  accu- 
racy of  my  work.     Mr.  Barden  furnished  me  with  maps  and  a  history 
of  some  of  the  mining  locations.    Mr.  Thomas  Barden,  of  Ashland, 
furnished  me  with  maps  and  assisted  me  very  materially  in  the  spring 
of  1877.    To  Mr,  Geo.  E.  Stuntz,  of  Duluth,  the  XJ.  S.  surveyor  who 
personally  subdivided  most  of  the  townships  in  Douglas  and  Bay- 
field counties,  I  am  obliged  for  a  vast  fund  of  very  accurate  informa- 
tion.    Mr,  Wing,  of  Bayfield,  and  Mr.  Yaughn,  of  Ashland,  have  also 
assisted  me.     Mr.  Munroe,  of  Silverton,  has  aided  me  very  greatly  in 
the  drawing  of  the  cuts  and  plates  of  the  following  pages.    But  I  am 
under  more  especial  obligations  to  Professor  E.  D.  Irving,  under  whose 
personal  instruction  I  first  commenced  the  study  of  geology,  and  of 
the  structure  of  northern  Wisconsin.    He  first  advanced  the  idea  of 
the  westward  extension  of  the  Lake  Superior  synclinal,  thereby  giving 
me  the  key  to  the  geology  of  my  entire  district,  and  he  also  very  ma- 
terially assisted  me  in  the  preparation  of  my  report  of  1873,  upon 

Doufflas  county. 

E.  T.  S. 
SiLVKRTON,  San  Juan  Co.,  Col.,  January,  1878, 
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CHAPTER  I. 


SITEFACE  FEATUEES. 

TOPOGRAPHY. 

Along  the  shore  of  Lake  Superior,  to  the  westward  of  the  Apostle 
Islands,  and  nearly  as  far  as  the  month  of  the  Brul6  river,  the  reddish 
Lake  Superior  sandstones  rise,  at  most  places,  directly  from  the  water's 
edge  to  the  height  of  from  ten  to  forty  feet  Huge  caverns,  often 
supported  by  columns  of  sandstone,  and  presenting  various  pictur- 
esque appearances,  have  been  worn  into  the  rock  by  the  waves  of  the 
lake.  From  the  mouth  of  the  Brul6,  along  the  shore  to  Superior 
City,  only  banks  of  reddish  clay  are  found,  usually  from  five  to  thirty 
feet  in  height.  From  the  lake  shore  the  ascent  is  gradual  for  from 
five  to  ten  miles  to  the  south,  when  the  foot  of  the  "  Copper  Bange '' 
is  reached  at  an  altitude  of  from  100  to  250  feet  above  the  lake.^ 

Above  the  head  of  this  gently  sloping  area,  the  northern  face  of  a 
range  composed  of  rock,  in  the  western  portion  of  the  district,  and 
apparently  of  drift,  in  the  eastern,  suddenly  rises  to  the  height  of 
from  300  to  400  feet.  The  northern  escapement,  however,  is  not 
found  in  one  continuous  line  running  across  the  country,  but  is  broken 
up  and  presents  several  distinct  lines  of  elevation,  all  trending  nearly 
E.-N.  E.  and  W.-S.  W.  The  three  most  prominent  ridges  are  in 
Douglas  county,  and,  taken  together,  are  Known  as  the  "  Copper 
Range."  For  convenience,  I  have  designated  them  the  Aminicon, 
Middle  Eiver,  and  Brul^  ranges.  Along  all  of  them  the  Keweenawan 
beds  are  more  or  less  exposed,  the  summit  often  being  a  bare  ridge  of 
rock.  The  Aminicon  Bange  extends  from  about  the  center  of  T.  46, 
R  15  W.J  to  the  Aminicon  river,  in  Sec  29,  T.  48,  R  12  W.    The 

'  All  aliitades  in  this  report  are  referred  to  Lake  Superior  as  the  base.  To  obtain  the 
altitude  above  Lake  Michigan,  add  20.5  feet;  to  obtain  tbat  above  the  sea,  add  602 
feet 
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Middle  River  Range  appears  to  be  topographically  separated  from  the 
others.  The  distinct  line  of  elevation  extends  from  about  Sec.  8,  T. 
47,  R  12  W.,  to  Sec.  17,  T.  48,  R.  11  W.  On  this  range  the  rock 
exposures  are  very  few  in  number.  The  Brul6  Range  is  again  dis- 
tinct from  Middle  River  Range,  the  two  being  separated  by  four  or 
five  miles  of  swampy  country,  at  an  altitude  of  about  275  feet  This 
range  may  be  said  to  start  from  about  Sec.  8,  T.  47,  R.  11  W.,  and 
end  in  the  vicinity  of  Iron  river,  Sec.  10,  T.  48,  R.  9  W.  The  rock 
exposures  are  exceedingly  limited,  and  I  was  unable  to  find  any  in 
Bayfield  county.  In  fact,  exposures  are  rarely  met  with  anywhere, 
except  on  the  very  summits  of  the  ranges,  or  where  rivers  break 
through  them.  In  Bayfield  county  there  is  a  distinct  line  of  elevation 
extending  from  about  the  point  where  Iron  river  leaves  township  48 
to  a  short  distance  north  of  Siskowit  lake,  or  Sec.  9,  T.  50,  R.  6  W. 
From  this  line,  the  ascent  southward  to  the  dividing  ridge  is  gradual, 
the  divide  passing  diagonally  through  townships  45,  46,  47,  48,  49 
and  50,  ranges  10,  9,  8,  7,  6  and  5  west. 

From  the  summit  of  the  range  in  Douglas  county,  the  descent  is 
gentle  to  the  south  for  one  or  two  miles,  after  which,  the  general 
ascent  of  the  country  is  to  the  south  to  about  the  line  connecting  the 
centers  of  ranges  10,  11,  12,  13,  14  and  15  west,  of  township  45. 
Along  the  two  lines  indicated  is  the  general  course  of  the  "  dividing 
ridge."  It  is  in  no  sense  of  the  term  a  ridge,  but,  in  the  west,  is  an 
extremely  level  country,  almost  impenetrable  swamps  covering  a 
large  area  both  north  and  south  of  it.  In  the  eastern  part  of  the  dis- 
trict, the  general  level  character  of  the  country  is  only  interrupted  by 
the  great  number  and  large  size  of  the  "  Potash  Kettles ''  accompany- 
ing the  morainic  drift,  of  which  more  is  to  be  said  hereafter. 

The  general  elevation  of  the  dividing  ridge  is  about  600  feet, 
obtained  at  numerous  points  by  barometrical  measurement.  We 
therefore  find  an  average  descent  towards  Lake  Superior  fron^  the 
dividing  ridge  of  nearly  30  feet  to  the  mile.  It  is  in  the  swamps  and 
almost  innumerable  small  lakes  of  this  "dividing  ridge,"  that  many 
streams  and  rivers  head,  which  flow  in  opposite  directions,  and  finally 
mingle  their  waters  with  the  ocean  at  distant  points. 

Altitudes.  The  following  table  of  altitudes  is  compiled  almost 
entirely  from  barometrical  observations,  taken  in  the  spring  of  1877. 
They  are  given  as  approximations  only,  although  great  confidence  is 
felt  that  they  are  very  close  to  the  truth,  probably  in  most  cases  within 
20  feet.  The  instrument  used  was  a  very  accurate  aneroid  of  Eng. 
lish  manufacture.  I  started  with  it  from  Bayfield  and  reached  Supe- 
rior about  two  weeks  after,  going  to  the  shore  of  Lake  Superior  two 
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or  three  times  while  on  the  route.  I  then  returned  to  Ashland  via 
the  "  dividing  ridge."  All  observations  were  read  in  inches  and  hun- 
di-edths,  the  place  and  time  being  accurately  noted.  Upon  the  com- 
pletion of  my  field  work  the  reductions  of  the  readings  of  the  mercu- 
rial barometer  at  the  U.  S.  Signal  Station  of  Dulnth,  for  April  and 
May,  were  kindly  sent  to  me  by  the  observer,  Mr.  T.  S.  Collins. 
Upon  making  the  necessary  comparisons  with  my  own  observations, 
I  was  surprised  to  find  that,  when  a  known  altitude  could  be  referred 
to,  I  was  never  more  than  ten  or  fifteen  feet  from  the  true  elevation, 
and  often  was  within  five  feet.  This  comparative  accuracy  was  prob- 
ably mainly  due  to  the  fact  that  the  weather  was  exceedingly  fine, 
there  being  no  storms,  and  consequently  little  or  no  local  fluctaation 
in  the  pressure  of  the  atmosphere.  The  altitudes  are  all  referred  to 
Lake  Superior  as  zero,  which  is  20.205  feet  above  Lake  Michigan,  and 
602  feet  above  the  sea. 


ELEVATIONS  IN  THE  LAKE  SUPERIOR  COUNTRY. 


T.  50,  R.  4  W. 

N.  line  Sec.  19,  2  m.  west  of  Pike's  393 
T.  50,  R.  6  W. 

N.  E.  qr.  Sec.  24.  at  Roath's 547 

N.  W.  qr.  Sec.  28 650 

T.50,R.6W. 

N.  E.  qr.  Sec.  36,  barrens aSO 

S.  part  Sec.  23 635 

N.  W.  qr.  Sec.  22,  head  of  stream. .  4:32 

Sec.  21,  Siskowitlake 445 

N.  W.  cor.  Sec.  13,  junction  of 

creeks 189 

N.  line  Sec.  2,  Siskowit  creek 72 

N.  W.  qr.  Sec.  10 210 

N.  W.qr.Sec8 175 

S.  W.  qr.  Sec.  19 279 

T.  50,  R.  7  W. 

S.  W.  cor.  Sec.  24 234 

N.  and  S.  line.  Cranberry  R 27 

N.  W.  qr.  Sec.  20,  Cranberry  R. . .    11 
W.  line  Sec.  30,  ridge 405 

T.  60,  R.  8  W. 

N.  W.  cor.  Sec.  25 432 

S.  W.  qr.  Sec.  24 427 

S.  E.  qr.  Sec.  27,  ¥\ag  R 12 

Cent  Sw.  33 350 

T.  49,  R.  4  \V. 
Sec.  28,  N.  W.cor.  (?) 180 

T.  49,  R.  6  W. 
Sec.  16 480 

T.  49,  R.  6  W. 
Sec.  15,  S.W.qr.  (?) 670 

T.  49,  R.  8  W. 

N.  E.  qr.  Sec.  June,  of  streams 49 

S.  line  Sec.  11,  Flag  river 99 

E.  line  Sec.  26,  Flag  river 193 

Cent  Sec.  10 314 

8.E.cor.Sec.8 »:« 

W.  qr.  poet,  Sec  17 335 


2:0 
2^ 
117 
ft-? 
126 

53 
331 


T.  49,  R.  9  W. 

N.  E.  qr.  Sec.  24 

About  cent  Sec.  23 

S.W.qr.  Sec.  23,  Iron  R 

S.  line  Sec.  15,  Iron  R 

S.  W.  qr.  Sec.  23,  stream 

T.  49,  R.  14  W. 
Sec.  36,  Road,  creek 

T.  48.  R.  5  W. 
Sec.a5(?),  trail 

T.  48,  R.  6  W. 

S.  W.  (?)Sec25 3H7 

N.  E.  (?)Sec.  21 5;W 

N.  part  Sec.  16 MO 

Sec.  5,  Moose  lake 675 

Sec  7,  W.  part  St  Croix  road 661 

T.  48,  R,  7  W. 

Sec  33  (?),  St'Ooix  road.  L 60? 

Sec.  27,  road,  burned  pines 567 

Sec.  23,  barrens 6:U 

Sec.  24,  barrens ^\f 

Sec.  13,  kettles 69J 

T.  48,  R.  9  W. 

N.  W.  qr.  Sec.  2,  Iron  R m 

Sec.  11,  forks  Iron  R 22-*) 

S.  line  Sec.  15,  Iron  R.,  crossing  of 

Bayfield  and  Superior  road 270 

S.  E.  cor.  Sec.  17 378 

H  mile  west 4®^ 

2>i  miles  west 402 

T.48,  R.10W. 

Creek  on  Sec.  12 376 

S.  W.  Sec.  23,  Brule  river 252 

About  E.  qr.  post.  Sec.  2J 446 

Near  north  qr.  post  of  Sec.  23,  bora 

knob  of  diabase 558 

N.  W.  qr.  Sec  27,  main  shaft  Pet- 

cival  Mine 450 

E.  Sec  29,  creek. 432 
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r.48,R.ll  W. 

E.  qr.  poet  Sec.  36 538 

S.  E.  cor.  Sec.  35 547 

S.  W.  cor.  Sec.  35 475 

S.  qr.  post  Sec  34 440 

Creek  near  same 424 

S.  E.  qr.  Sec.  33.  trail 3^,8 

S.  W.  qr.  Sec.  32 321 

S.  line  Sec.  31,  Poplar  R 265 

N.  line  Sec.  31.  creek 176 

Cent.  Sec.  19,  Poplar  R 9"> 

S.  hne  Sec.  18,  Poplar  R 51 

S.  Une  Sec  18,  Middle  R 50 

Sec  18,  ridffe  between  Poplar  and 

Middle  Ks Ill 

T.  48,  R.  12  W. 

N.  E.  cor.  Sec.  24,  river  ...  99 

}4  mile   S.  June    sandstone  and 

Copper  Rocks,  river 130 

}^  mue  S.  June  sandstone  and  Cop- 
per Rocks,  top  of  ledge 184 

Sec  25,  creek 146 

Qr.  post,  S.  line  Sec.  35,  river 2^i 

1  mde  west,  creek 301 

S.  line  Sec.  33,  qr.  post 329 

8.  line  Sec  32,  Aminicon  river  ....  2t5l 
N.  E.  qr.  Sec.  29,  June,  sandstone 
and  Cupriferous  strata,  top 190 

T.48,R.18  W. 

S.  hne  Sec  36,  top  of  range 396 

S.  line  Sec.  35,  creek 261 

S.  W.  qr.  Sec.  35,  turn  in  road  to 

Superior 234 

Rood  to  Superior,  8th  mile  post  .  .  153 
Road  to  Superior,  7th  mile  post  ...  90 
Road  to  Superior,  6th  mile  post  ...  73 
Rood  to  Superior,  5th  mile  post  ...  56 
Road  to  Superior,  4th  mile  post  ...  53 
Road  to  Superior,  3d  mile  post ....    44 

N.  W.  qr.  Sec  5,  Bluff  creek 9 

Sec.  32,  bank  Nema^ji  river 18 

S,  W.  qr.  Sec.  29,  river    0 

T.48,IL14W. 

N.  W.  qr.  Sec.  11 68 

Sec.  11,  river  at  Wright's 5 

N.partSec.14 64 

S.  £.  qr.  Sec.  23  ..•••.•••.*•.•.•  •  81 
N.  E.  qr.  Sec.  26 95 

T.48,R.15W. 
About  cent.  Sec.  32 275 

T.  48,  R.  16  W.  Minn. 

Near  cent.  Sec  11,  river  at  Con- 
glomen^,  near  foot  of  rapids. . .      9 

S.  E.  qr.  Sec.  10,  R.  R 238 

S.  W.  qr.  Sec.  5,  R.  R.,  Thompson.  419 

State  quarries  at  Thompson 459 

N  E.  qr.  Sec  6,  river 467 

T.  47,  R.  5  W. 

Sec  11,  S.  branch  Fish  creek 7 

Sec  9,  W.  branch  Fish  creek 7 

Cent  Sec  10 126 

Sec  5,  creek 45 

N.W.qr.  (?)  Sec  6 212 

T.  47,  R.  7  W. 

N.  line  Sec  4  (?) 594 

8.  hne  Sec.  5,  lake 510 


T.  47,  R.  7  W.-(contmued). 

B  N.  W.  qr.  (?)Sec8 555 

N.  W.  qr.  (?)  Sec.  8,  lake 501 

Sec.  7,  lake 510 

T.  47,  R.  8  W. 

iSec  13  (?),  lakes 499 

Sec.  13  (?),  top  of  bank 559 

Secl4(?),  "kettles" 627 

Sec.  14  ( ?),  bottom  of 540-570 

Sec.  14  (?),  barrens 520 

Sec.  15,  barrens 590 

Sec.  21  (?),  Spider  lake 526 

Sec.  21,  other  lakes 520 

Lake  one-quarter  mile  S.  W.  Spider 
lake 578 

T.  47,  R.  9  W. 

N.  E.cor.  (?)  Sec  H6 625 

N.  E.  qr.  Sec.  33,  lake 59.5 

S.  W.  qr.  Sec.  30 560 

T.47,  R,  low. 

N.  W.  cor.  N.  E.  qr.  Sec  26,  bar- 
rens . .  .' 541 

Sec.  27,  junction  of  rivers 86-3 

Sec.  23,  forks  of  creek 397 

S.  E.  cor.  Sec.  22 514 

S.  W.  qr.  Sec.  23,  creek 370 

S.  W.  qr.  Sec.  23,  hill 540 

S.  W.  qr.  N.  W.  qr.  Sec.  23,  Brule,  347 

Sec  11,  Brul6  river 295 

Sec.  29,  Nebagamain  river 402 

S.  W.  cor.  Sec.  27 513 

T.  47,  R,  18  W. 

E.  hf.  Sec.  2,  Edwards'  mine 275 

N.  E.  qr.  Sec.  8,  Fond  du  Lac  mine,  340 

W.  qr.post,  Sec.  18 432 

N.  W.  qr.  Sec  20,  river 368 

Cent.  Sec.  16,  river 341 

S.  line  Sec.  14,  river 4^30 

S.  E.  qr.  Sec.  11,  road 438 

Sec.  3»  (?),  St.  Croix  and  Superior 

road,  15th  M.P 531 

T.  47,  R.  14  W. 

N.W.qr.Secl 153 

N.  W.  qr.  Sec.  14,  foot  of  Copper 

range 202 

S.  W.  qr.  Sec  14,  Nickel  loc 364 

S.  E.  cor.  Sec  15,  Copper  Creek 

mine 281 

S.  E.  qr.  Sec  15,  creek,  junction  of 

Cuprif .  series  and  sandstone 216 

8.  E.  qr.  Sec.  15,  top  of  sandstone,  296 

N.  line  Sec.  15,  creek 189 

S.  W.  qr.  Sec.  15,  Cuprif.  strata. . .  400 
S.  E.  cor.  Sec  21,  head  Black  River 

Falls 387 

8.  E.  qr.  Sec.  21,  river,  one-quarter 

mile  below  head  of  falls 189 

Footoffalls 225 

Top  of  sandstone 365 

W.  qr.  post  Sec.  12,  exposures  ....  4:52 
T.46,R.10W. 
Sees.  33,  34,  26,  27,^22,  23, 13, 14, 
11  and  12,  level  banrens  or  prairie,  567 

Sec.  21,  Brul6,  at  Qheen's 396 

Sec.  16,  barrens 470 

N.  E.  qr.  Sec  3,  river 338 
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T.46,R.13W. 

N.  line  Sec.  1,  St.  Croix  and  Supe- 
rior road,  16th  mile  post 576 

S.  line  Sec.  1,  road,  17th  mile  post^  592 

Road,  18th  mile  post 585 

Road,  19th  mile  post 580 

Road,  20th  mile  post 589 

Road,  2l8t  mile  post 594 

T.  45,  R.  10  \V. 

Sec.  30 481 

N.  line  Sec.  20 522 

N.  line  Sec.  17 531 

Sec8.8and5 560 

T.45,R.ll  W. 
Head  of  St.  Croix  and  Bnil6  rivers, 
about 425 

T.45,R.18W. 
Sec.  2,  St.  Croix  and  Superior  road, 
22d  mile  post 590 


T.  45,  R.  18  W.  — (continued). 

Road,  23d  mile  post 600 

S  £.  qr.  Sec  14,  Mooee  ri?er,  road,  590 

Sec.  26,  dam 576 

Sec  35,  road 591 

T.44,R.  11  W. 

Seel 459 

Sec.  14,  Ox  lake 897 

Sec.  21,  barrens 477 

T.44,R.18W. 

Sec.  2,  creek 442 

Sec.  23,  Norway  Camp,  river 3^ 

E.  line  Sec.  36,  Chase  s  dam 960 

T.43,R.11W. 
N.  W.  qr.  Sec.  6,  Amrick,  river. . .  S66 

T.43,R.12W. 

Sec.  2.  barrens •  •  470 

Sec.  6,  barrens 432 


TOPOGRAPHICAL  RELATIONS. 

The  topographical  features  of  this  district,  like  those  of  all  other 
regions,  depend,  to  a  great  extent,  upon  the  underlying  geological 
formations.  The  general  elevations  were  doubtless  well  defined  at  the 
close  of  the  Keweenawan  Period,  before  the  Silurian  seas  had  com- 
menced the  deposition  of  the  great  sandstone  formation. 

In  the  western  portion  of  the  district,  the  Keweenawan  strata  lie  at, 
or  near,  the  surface,  and  the  prominent  line  of  elevation  extending 
across  Douglas  county,  distant  from  Lake  Superior  six  to  ten  miles 
only,  IS  formed  by  the  northern  edge  of  the  southward-dipping  Kewee- 
nawan rocks.  To  what  extent  these  rocks  afiect  the  general  altitude 
of  the  district,  and  the  Bayfield  peninsula,  it  is  impossible  to  state,  on 
account  of  the  vast  accumulation  of  drift  in  that  region.  It  is,  how- 
ever, highly  probable  that  they  form  the  nucleus  of  the  peninsula  and 
of  the  great  ridge  extending  to  the  southwest  from  it 

The  immediate  surface  contours  have  been  so  remarkably  modified 
by  the  drift,  and  by  agencies  which  have  been  at  work  in  post-glacial 
times,  that  all  local  surface  reliefs  are  of  comparatively  modem  origin. 
A  great  kettle  range  extends  for  many  miles  southwest  from  the  Bay- 
field peninsula,  causing  a  very  rough  and  uneven  country.  The  "  ket- 
tles "  or  "  pot  holes  "  are,  in  localities,  very  numerous,  and  often  from 
50  to  150  feet  deep.  It  is  often  necessary  in  traveling  amongst  them, 
to  very  nearly  describe  a  series  of  semi-circles.  Another  cause,  pro- 
ducing a  marked  feature  of  the  surface,  is  the  rapid  descent  of  all  the 
streams  flowing  north,  thereby  allowing  them  to  excavate  deep  and 
narrow  valleys  through  the  soft  materials  of  the  drift  Near  the  lake 
these  valleys  are  usually  from  100  to  250  feet  deep,  and  often  not 
more  than  one-half  mile  across.  Terraces  are  sometimes  found  along 
the  valleys,  as  will  be  hereafter  shown. 
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Lakes.  The  western  end. of  Lake  Superior^  the  largest  of  known 
fresh  water  bodies,  lies  directly  to  the  north  of  Douglas  and  Bayfield 
counties.  Whatever  may  be  true  of  the  other  great  lakes  of  North 
America,  it  does  not  owe  its  origin  entirely  to  glacial  action.  It  has 
long  since  been  shown  that  the  main  portion  of  the  lake  lies  in  the 
trough  of  a  synclinal,  which  probably  curves  somewhat  more  than 
does  the  lake,  from  northeast  to  southwest.  It  was  first  shown  by 
Professor  Irving,  and  afterwards  more  completely  demonstrated  by 
observations  in  Douglas  and  Burnett  counties,  that  the  western  end 
of  the  synclinal  extends  southwesterly  into  Wisconsin  between  the 
Bayfield  and  Keweenaw  peninsulas.  It  is  as  yet  an  open  question 
whether  or  not  the  western  end  of  the  lake,  which  lies  north  of  Bay- 
field and  Douglas  counties,  is  entirely  duo  to  glacial  action.  The 
known  facts  at  present  bearing  upon  the  question  would  seem  to  indi- 
cate that  it  is.  We  know  that  the  region  has  been  the  theater  of  some 
of  the  most  powerful  glacial  manifestations  in  all  of  North  America. 
The  Apostle  Islands  seem  to  owe  their  origin  to  glacial  action,  and 
there  is  no  doubt  that  the  red  sandstones  now  found  at  the  base  of  all 
the  islands,  and  on  the  shore  in  Bayfield  county,  at  one  time  extended 
much  farther  to  the  north.  They  were  doubtless  removed  by  the' 
glaciers. 

In  Minnesota,  all  that  we  know  of  the  north  shore  of  Lake  Superior 
is,  that  along  it  there  are  in  many  places  high  cliflB  of  trappean  rocks, 
and  back  of  them,  at  some  distance,  slates,  magnetic  schists,  and 
quartzose  rocks.  The  mountains  at  Duluth  consist  in  the  main  of  a 
coarse  gabbro,  in  many  respects  like  that  at  Bladder  lake,  Wisconsin. 
If  the  Minnesota  shore  strata  are  similar  to,  and  of  the  same  age,  as 
the  Douglas  county  rocks,  it  may  be  just  possible  that  the  western 
end  of  the  lake  also  lies  in  a  synclinal,  the  Douglas  county  range  rep- 
resenting  the  axis  of  a  great  fold.  This  idea  is  thrown  out  as  a  sug- 
gestion only. 

Fluctuations  in  the  level  of  Lake  Superior.  In  the  past,  as  will 
be  shown  in  another  chapter  of  this  report,  the  lake  has  been  subject 
to  great  fluctuations  of  level.  The  present  annual  variation  in  the 
altitude  of  the  surface  is  quite  considerable,  but  I  have  not  any  exact 
figures  at  hand.  The  following  historical  incident,  however,  will  illus- 
trate the  fact : 

At  an  early  day  in  the  history  of  Wisconsin  territory,  a  treaty  was 
made  with  the  Indians  inhabiting  the  country  in  the  vicinity  of  the 
western  end  of  Lake  Superior,  for  the  cession  to  the  government  of  a 
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large  tract  of  land  lying  east  of  a  line  running  directly  south  from  the 
foot  of  the  first  rapid  found  in  ascending  the  St.  Louis  river,  to  the  St. 
Croix  river.  This  line  was  run  by  Mr.  George  Stuntz,  I  think,  in 
1847.  For  the  purpose  of  finding  the  rapid,  he  ascended  the  river 
from  the  bay  in  a  canoe,  and  when  several  miles  east  of  Fond  du  Lac, 
was  told  to  commence,  by  the  chief  who  accompanied  him,  as  the  In- 
dians had  a  distinct  remembrance  of  rapids  being  at  that  point.  Ae 
Mr.  Stuntz  could  discover  nothing  of  the  kind,  he,  of  course,  con- 
tinued the  ascent  until  he  found  them,  one  mile  above  Fond  du  Lac. 
Owing  to  exceedingly  high  water  in  Lake  Superior  that  season,  Wis- 
consin obtained  an  extra  strip  of  country  several  miles  in  width.  Mr. 
Stuntz  has  informed  me  that  he  himself  has  since  seen  rapids,  in  sea- 
sons of  very  low  water  in  the  lake,  even  below  where  they  were  said 
to  occur  by  the  Indians. 

The  water  of  Lake  Superior  is  always  cold.  In  the  body  of  the  lake 
it  never  rises  above  the  temperature  of  46°  Fahr.  As  the  waters  which 
flow  into  the  lake  are  gathered  almost  entirely  from  Archaean  areas, 
the  rocks  of  which  are,  to  a  very  slight  extent  only,  susceptible  to 
chemical  action,  it  is  found  to  be  of  great  purity.  In  confirmation  of 
this,  I  have  only  to  state  that  in  the  several  chemical  laboratories  of 
Marquette,  Michigan,  lake  water  is  used  entirely  in  lieu  of  distilled 
water. 

Of  the  large  number  of  Interior  Ldkea^  in  Douglas  and  Bayfield 
counties,  by  far  the  greatest  proportion  of  them  lie  in  the  immediate 
vicinity  of  the  "  Kettle  Eange,"  and  are  entirely  without  visible  inlet 
or  outlet.  They  are  usually  quite  small,  averaging  from  one  to  two 
acres  in  extent.  Instances,  however,  are  known  in  which  they  are 
several  miles  in  extent,  notably  in  T.  47,  E.  8  W.,  and  T.  45,  Es. 
9  and  10  W.  The  small  lakes  generally  have  steep  and  high  banks, 
and,  in  places  where  they  are  numerous,  appear  to  be  of  nearly  the 
same  altitude.  Some  of  them  are  found  on  the  very  summit  of  the 
dividing  ridge. 

The  lakes  with  an  outlet  are  generally  found  on  the  highest  portions 
of  the  district,  and  are  the  sources  of  the  various  streams  flowing  both 
north  and  south.  Examples  of  these  are  the  Upper  St.  Croix  lake, 
Nebagamain  lake,  and  Aminicon  lake.  They  are  surrounded  by  dense 
swamps  of  tamarac  and  cedar.  The  streams  themselves,  near  their 
sources,  are  often  greatly  expanded  in  width,  and  really  are  nothing 
but  a  series  of  small  lakes.  This  is  especially  the  case  with  the  upper 
Brul6,  St.  Croix,  and  Aminicon  rivers.  These  expansions,  or  lakes, 
are  ^nerallj  bordered  by  swamps. 
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Drainage.  The  drainage  planes  of  the  district  under  discussion, 
if  the  inconsiderable  area  which  drains  into  Chequamegon  Bay  be 
omitted,  may  be  said  to  be  no  more  than  two;  a  short,  steep  slope  to 
the  north,  and  one  very  slightly  inclined  to  the  south.  Most  of  the 
streams  flowing  north  pursue  a  remarkably  straight  course.  Where 
there  is  an  apparent  exception  to  this  rule,  as  is  the  case  with  the 
Lower  Nemadji,  it  will  be  found  that  the  stream  flows  through  an  allu- 
vial bottom  and  has  a  very  slight  fall.  Many  of  the  small  streams, 
which  have  a  general  straight  course,  if  followed,  will  often  be  found 
to  meander  from  side  to  side  of  tlie  valley,  compelling  the  traveler  to 
journey  two  miles  in  order  to  gain  a  distance  of  one.  This  is  invaria- 
bly the  case  where  the  current  is  slow  or  sluggish. 

A  noticeable  feature  in  the  drainage  of  this  district,  common  to  all 
regions  of  tilted  rocks,  is  that  the  larger  streams  prefer  to  follow  the 
strike  of  the  strata.  One  has  only  to  glance  at  the  map,  and  notice 
the  St.  Louis  below  Thompson,  the  Neraadji,  and  the  Upper  St.  Croix, 
to  arrive  at  a  knowledge  of  the  strike.  The  White  and  Marengo 
rivers,  in  Ashland  county,  exemplify  the  same  principle. 

Another  salient  feature  in  the  hydrography  of  the  district  is  the 
entire  absence  of  streams  on  the  dividing  ridge  in  T.'s  45,  46,  47,  48 
and  49,  K.'s  10,  9,  8,  7  and  6,  respectively,  a  region  nearly  40  miles  in 
length  and  from  six  to  ten  miles  in  width.  It  is  nearly  coextensive 
with  the  barrens  and  Kettle  Range  of  Bayfield  county.  The  absence 
of  streams  is  probably  due  to  the  fact  that  the  soil,  to  a  great  depth, 
consists  of  sand  and  fine  gravel,  thereby  allowing  the  water  to  perco- 
late directly  into  the  earth  from  the  surface.  Kearly  all  of  the  rivers 
which  head  around  the  margin  of  this  high  streamless  area  have,  at  or 
near  their  sources,  numerous,  and  often  large  springs  of  clear,  cold 
water.  Near  the  head  of  the  Brul6,  hundreds  of  these  may  be  seen 
boiling  up  from  the  bottoms  of  the  small  lakes  already  mentioned. 
They  also  are  found  at  the  head  of  Iron,  Flag,  and  other  rivers.  The 
origin  of  the  springs  can  be  readily  traced  to  the  streamless  area.  The 
water  that  falls  upon  the  surface  easily  descends  until  it  meets  an  ob- 
struction, in  the  shape  of  a  clay  bed,  in  the  drift,  or  the  underlying 
solid  rocks,  which  it  then  follows  until  an  outlet  is  found. 

In  hydrographic  features,  the  southwestern  part  of  Douglas  county 
is,  in  many  respects,  the  exact  opposite  of  those  of  the  region  just 
described.  Small  streams  are  numerous,  the  country  is  quite  level, 
and  wet  swamp  lands,  almost  impassable,  predominate.  Altogether, 
it  is  an  entirely  diflferent  looking  country. 

Bivers  and  Creeks.  The  streams  which  flow  into  Lake  Superior 
are  nearly  all  of  small  size.    With   very  few  exceptions  they  are 
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short,  straight  and  swift,  containing  many  falls,  cascades,  chutes  and 
rapids. 

The  Saint  Lonis  river  fonns  the  boundaiy  between  the  states  of  Wisconsin  and 
Biinnesota  from  one  mile  above  the  village  of  Fond  du  Lac  to  the  Bay  of  Superior,  a 
distance  of  about  nineteen  miles.  It  is  said  to  be  the  second  in  size  of  all  streams 
Bowing  into  the  lake.  The  current  is  gentle,  and  the  channel  deep  for  a  long  distance 
above  Knife  Falls,  in  the  western  part  of  Sec  14,  T.  49,  R.  17  W.  Below  the  falls  to 
Thompson,  a  distance  of  five  miles,  the  stream  breaks  over  the  edges  of  tilted  slates, 
nearly  at  right  angles  to  their  strike.  At  Thompson  the  course  of  the  river  changes  from 
south  to  nearly  east,  and  follows  approximately  the  strike  of  the  siliceous  and  chloritic 
slates,  a  distance  of  seven  or  eight  miles.  Along  this  portion  of  the  stream  and  for 
several  mOes  above  Thompson,  the  scenery  is  wild  and  grand  in  the  extreme.  Cafions. 
falls,  and  rapids  succeed  each  other  with  remarkable  rapidity.  In  high  water  the  rapids 
in  some  places  suggest  a  quite  favorable  comparison  with  those  of  the  Niagara  river 
above  the  faUs. 

From  the  northwest  comer  of  Wisconsin,  near  Fond  du  Lac,  the  current  is  slow,  the 
river  broad  in  places,  and  of  suflScient  depth  to  admit  of  navigation  by  the  smaller  daw 
of  vessels  plying  upon  Lake  Superior.  Numerous  islands  occur  in  the  stream,  some  of 
which  are  heavily  timbered.  Rich  alluvial  bottoms  extend  into  the  country  from  the 
soutii  side  of  the  stream  for  several  miles.  On  the  north  side,  from  Fond  du  Lac  to 
Oneota,  at  varying  distances  from  the  river,  there  are  hoiizontal  red  sandstones  rising  in 
hilU  to  the  height  of  over  250  feet  above  the  lake.  At,  and  north  of  Duluth,  high  hills 
are  found,  made  up  of  from  very  coarse  to  fine-grained  rocks,  which  I  refer  to  the 
Eeweenawan  system.  In  Wisconsin,  the  only  rocks  exposed  in  the  bank  of  the  stream 
are  red  sandstones  in  the  immediate  northwest  comer  of  the  state. 

Three  small  streams  enter  the  St,  Louis  river  from  Wisconsin,  the  Pokegama,  Little 
Pokegama,  and  Lord's  creek.  They  all  flow  parallel  to  the  Nemadji,  but  make  an  abropt 
turn  and  enter  the  St.  Louis.  The  Pokegama,  for  a  distance  of  20  miles,  flows  parallel 
to  and  within  two  miles  of  the  Nemac^i  river,  and  when  within  one-half  mile  of  that 
stream  makes  a  sharp  bend  and  enters  the  St  Louis  river  through  Pokegama  bay. 

The  NematUi,  or  Left  Hand  river,  gathers  its  waters  from  numerous  small  streami 
in  the  eastcm  part  of  Carlton  county,  Minnesota,  and  from  others  in  Douglas  ooantj, 
Wisconsin.  The  main  stream  enters  Douglas  county  nine  miles  south  from  Fond  da 
Iac,  flows  a  northeasterly  course,  and  reaches  the  bay  of  Superior  through  **  Lower- 
town,"  opposite  the  **  Entry  '*  from  the  lake.  The  mouth  of  the  river  is  165  feet  wide 
and  of  sufficient  depth  to  ailow  vessels  of  large  size  to  ascend  neariy  a  mile.  The  cur- 
rent of  the  stream  throughout  its  whole  course  is  slow,  there  being  no  rapids  or  falls 
except  very  inconsiderable  ones  on  the  N.  E.  quarter.  Sec.  27,  T.  43,  R.  14  W.,  formed 
by  a  low  ledge  of  sandstone.  These  rapids  can  easily  be  ascended  with  a  canoe  or  row- 
boat.  For  about  15  miles  farther  up,  the  stream  has  a  width  of  from  twenty  to  thirty 
yards,  and  a  depth  of  from  three  to  ten  feet.  Banks  of  red  marly  clay  arise  from  ihe 
river  to  the  height  of  five  or  ten  feet.  To  the  north  the  country  is  low  and  level;  on 
the  south  rolling  and  hilly,  until  the  foot  of  the  **  Copper  Range  *'  is  reached. 

The  Neraa<yi  (pronounced  by  the  Indians  Ne-muj-i-ti-gue-ag)  has  two  important 
tributaries  entering  from  the  south.  Black  river  and  Copper  creek.  Both  cross  the 
Aminioon  range,  passing  it  in  faUs  and  rapids,  one  and  one -half  miles  apart. 

Black  river  has  its  source  in  a  small  lake  lying  partially  in  Minnesota  and  partially 
in  Wisconsin.  It  flows  a  northerly  course,  and  enters  the  Nemai\ji  eight  miles  south  of 
Superior  City.  For  a  great  portion  of  its  length  it  passes  through  tauiarac  and  cedar 
swamps,  containing  much  fallen  and  decaying  timber.  This  would  readily  be  inspected 
from  the  character  of  the  water,  for  although  it  contains  no  sediment,  it  is,  especially  in 
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the  fall  of  the  year,  of  nearly  mky  blackness,  and  has  a  slight  astringent  taste.  This  is 
doubtless  due  to  the  presence  of  organic  matter,  derived  from  fallen  leaves  and  timber. 

Prom  three  to  five  miles  south  of  the  Copper  Range,  Black  river  is  a  stream  ten  or 
twelve  yards  in  width,  and  from  one  to  three  feet  deep.  The  current  is  slow,  and  the 
channel  contains  numerous  boulders  of  sandstone,  as  well  as  of  Keweenawan  eruptive 
rocks.  The  valley  is  from  fifty  yards  to  one-fourth  mile  wide,  with  day  banks  upon 
either  side  from  twenty  to  fifty  feet  high.  On  approaching  the  range  the  valley  be- 
comes very  narrow  and  the  boulders  much  more  numerous.  On  the  southeast  quarter 
of  Sec.  28,  T.  47,  R.  U  W.,  is  the  most  southern  exposure  of  the  Keweenawan  strata 
noticed  along  the  stream.  Three  hundred  feet  below  here,  one  of  the  hard  layers  of  this 
series  crosses  the  river,  trending  northeast  and  southwest.  Over  it,  the  water  descends 
in  a  perpendicular  fall  of  thirty-one  feet.  Dr.  Norwood  *  thus  described  this  fall  thirty 
years  ago,  and  1  can  give  no  more  faithful  description  now.  "  The  river,"  said  he,  **  is 
about  forty  feet  wide,  and  falls  into  a  drcular  basin,  about  sixty  feet  in'diameter;  a  large 
mass  of  rock  on  the  brink  of  the  precipice,  midway  the  river,  divides  the  water  into  two 
chutes,  and  adds  greaUy  to  the  picturesque  appearance  of  the  fall."  By  the  windings 
of  the  stream  the  next  mile  and  a  half  of  the  river  is  made  up  of  low  falls  and  rapids, 
with  short  intervening  spaces  of  smooth  water. 

In  following  down  the  river  the  sound  from  the  upper  fall  can  still  be  distincUy  heard, 
when  the  dull  roar  from  the  lower  falls  is  first  discerned.  These  are  on  the  southeast 
quarter  of  Sec.  21,  T.  47,  R.  14  W.  The  descent  of  the  river  here,  in  a  horizontal  dis- 
tance of  not  more  than  fifty  yards,  is  160  feet.  This  includes  the  rapids  at  the  head  of 
the  falls,  the  great  chute  of  over  140  feet  down  an  inclination  of  about  80*,  and  a  low  fall 
of  fifty  or  sixty  feet  from  the  foot  of  the  chute.  Plate  XXXII  is  an  excellent  representa- 
tion of  the  falls,  reproduced  from  a  photograph.  As  there  had  been  many  widely  vary- 
ing estimates  of  the  height  of  the  falls,  and,  moreover,  as  upon  my  first  visit  to  the 
locality  I  had  a  very  inaccurate  aneroid,  I  caused  a  line  of  levels  to  be  run  by  Mr.  Clark, 
of  Superior,  for  the  purpose  of  accurately  obtaining  their  altitude.  He  found  it  to  be, 
between  the  points  already  mentioned,  a  few  tenths  over  160  feet. 

From  the  foot  of  the  falls  the  river  passes  for  nearly  a  mile  through  a  gorge  or  cafion 
from  100  to  170  feet  deep.  The  sandstone  walla  of  the  lower  cafion  soon  become  less 
elevated  above  the  stream,  but  the  current  is  rapid,  the  valley  narrow,  and  the  day- 
banks  high  to  the  Nemadji  river.  The  elevation  at  the  head  of  the  falls  is  387  feet  above 
Lake  Superior,  at  their  foot,  227  feet,  and  at  the  head  of  the  "  Upper. Fall,"  over  500 
feet  This  leaves  approximately  300  feet  descent  from  the  head  of  the  Upper  Falls  to 
the  foot  of  the  Lower  FaUs,  a  distance  in  a  direct  hue  of  less  than  three-fourths  of  a 
mile. 

Copper  creek  is  a  small  stream  formed  by  the  junction  of  two  branches,  one  and  one- 
half  miles  southeast  from  Black  river  falls.  Its  course  is  rapid  for  the  entire  length, 
which  is  only  five  or  six  miles.  On  the  south  branch  or  fork,  about  one  hundred  yards 
above  its  junction  with  the  east  fork,  there  is  a  beautiful  fall  of  nearly  twenty  feet,  formed 
by  two  perpendicular  cascades,  which  are  separated  by  only  a  few  feet  of  rock,  the  lower 
one  dropping  into  an  oval  basin  about  twenty  feet  across.  The  water  of  the  stream  is 
dear,  cold  and  transparent,  and  abounds  with  brook  trout  For  the  distance  of  one- 
half  mile  below  the  fall,  the  creek  passes,  in  a  series  of  rapids,  through  a  catLon  worn 
first  in  the  eruptive  Keweenawan  rocks,  and  afterwards  in  horizontal  sandstone,  the 
neai-ly  vertical  walls  of  which  are  from  twenty  to  one  hundred  feet  in  height. 

Bluff  and  Bear  creeks  are  two  small  streams,  having  their  sources  on  the  north 
slope  of  the  Copper  Range,  near  the  "Wisconsin  Mine.'*  Both  pass  through  fertile 
meadows  in  the  vicinity  of  Superior  City,  and  enter  the  Bay  of  Allouez  two  and  three 
miles,  respectively,  southeast  from  the  mouth  of  the  Nemac^i  river. 

1  Owen's  Qeologlcal  Surrey  of  Wisconsin,  Iowa  and  Minnesota. 


Digitized  by 


Google 


320       GEOLOGY  OF  THE  WESTERN  LAKE  SUPERIOR  DISTRICT. 

The  riven  and  streams  alieadj  mentioDed  empty  into  the  Bay  of  Saperior  and  the 
Bay  of  Allonez,  and  naturally  seek  Lake  Saperior  through  the  "  enby  "  between  Wis- 
consin and  Minnesota  Points.  Howerer,  a  large  prop(Rii(m  of  the  water  flowing  into 
Superior  Bay  does  not  now  find  its  natoral  outlet^  for  the  Doluth  authorities  have  caused 
a  canal  to  be  cat  across  the  northern  end  of  Minnesota  Point,  for  the  purpose  of  allow- 
ing ressels  to  enter  the  "  Inner  Hariwr  **  of  the  Bay  of  Saperior  directly  from  the  lake. 
Thiscanalhasawidthof  230,  andadepthof  16feet  As  a  strong  coirent  is  continually 
passing  through  it  into  the  lake,  from  the  bay,  it  materially  iigures  the  harbor  at  Sape- 
rior, seven  miles  down  the  bay,  by  directly  lowering  the  water  in  the  whole  bay,  and 
incidentally  causing  a  filling  up  of  the  old  channd  through  Superior  harbor  with  a  silt 
of  fine  sand  and  alluvium,  brought  down  from  the  high  lands  by  the  streams.  The 
deposition  of  the  sOt,  etc.,  is  veiy  rapid  indeed,  and  is  caused  by  the  gre^y  diminished 
velocity  of  the  current  in  the  old  channel.  I  think  it  perfectly  safe  to  predict  that,  if 
the  waters  of  the  bay  are  allowed  to  discharge  at  the  present  rate  through  the  canal,  it 
win  eventually  cause  an  entiro  closing  up  of  the  "entiy,'*  if  not  the  filling  up  of  the 
whole  lower  portion  of  the  bay. 

Mr.  W.  H.  Newton  was  appointed  by  Govemor  Washburn,  in  the  fall  of  1872,  an 
agent  to  make  a  special  survey  of  Superior  harbor.  In  his  report  he  says:  "Forty- 
three  one-hundredths  of  the  entiro  water  flowing  into  Superior  Bay  *  *  *  is  directed 
to  the  Duluth  canaL"  Li  summing  up  the  results  of  his  survey,  Mr.  Kewton  says: 
"The  survey  shows,  Ist  A  lowering  of  the  water  in  the  bay  below  any  recorded  mean 
year*s  elevation  of  nearly  one  foot  2d.  The  bottom  of  the  bay  has  been  lowered  a 
mean  depth  of  1  3^3-100  feet.  The  main  channel  has  decreased  in  depth  towards  the 
entry,  and  increased  in  depth  towards  Conner's  Point.  The  whole  surface  of  the  bot- 
tom has  materially  changed,  and  now  there  is  much  deeper  water  from  Conner's  Point 
to  the  Duluth  canal  than  in  1S61.  3d.  A  well  defined  change  in  the  shore,  indicating 
an  abrasion  below  the  surface  of  the  water  on  Minnesota  Point  on  the  lake  side,  that, 
if  continued,  will  sooner  or  later  make  a  breach  in  the  narrow  portions  of  the  point.'' 

The  Aminicon,  or  Spawn  river,  risss  at  Aminicon  lake,  five  miles  southeast  of 
Black  River  Falls,  flows  a  northerly  course,  and  enters  the  lake  nine  miles  east  of  Supe- 
rior. Upon  the  upper  waters  of  the  stream  there  are  several  tracts  of  fine  pine  forest 
as  well  as  numerous  swamps  of  cedar,  spruce  and  tamarac.  In  descending  the  stream, 
the  first  rapids  found,  except  very  inconsiderable  ones,  are  on  Sec.  5,  T.  47,  R.  12  W., 
where  porphyritic  rocks  were  observed  in  situ.  Above  here,  for  six  or  eight  miles,  the 
stream  has  an  average  width  of  fifty  feet,  and  the  current  is  tolerably  smooth,  there 
being  but  few  boulders  in  the  stream.  From  the  head  of  the  rapids  just  indicated,  the 
water  dashes  through  chutes  and  down  clififs  for  a  distance  of  nearly  three  miles  to  the 
northern  part  of  Sec.  29,  where  there  is  a  perpendicular  fall  of  about  40  feet  just  above 
the  junction  of  the  Keweenawan  eruptive  rocks  and  the  Lake  Superior  sandstone.  From 
one-fourth  mile  above  the  fall  to  its  head,  the  descent  is  about  100  feet  The  stream 
divides  a  short  distance  above  the  sandstone,  so  there  are  really  two  falls;  the  brancbei 
however,  soon  unite,  having  formed  a  small  island,  one  hundred  or  one  hundred  and 
twenty  yards  in  diameter.  From  the  fall  the  stream  passes  for  a  short  distance  throogh 
a  gorge  with  sandstone  walls,  and  then  emerges  into  a  narrow  valley  with  clay  banb. 
The  descent  is  gradual  from  the  falls  to  Lake  Superior. 

Middle  river  has  been  very  little  explored.  It  has  its  source  in  the  great  swamp* 
to  the  south  of  the  Copper  Range,  through  which  it  flows  a  northeasterly  course.  Ex- 
posures were  observed  only  on  the  south  line  of  Sec.  35,  T.  48,  R.  12  W.,  and  on  Sec. 
24  of  the  same  township.  At  the  latter  point  is  the  junction  of  the  sandstones  with  the  . 
Keweenawan  rocks.  The  exposures  are  on  the  left  side  of  the  river  only.  There  are  no 
rapids  or  falls  which  might  not  easily  be  descended  during  high  water  with  a  canoe, 
although  the  current  is  swift,  and  boulJers,  in  places,  numerous. 
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Poplar  river,  aix  or  eighb  miles  from  its  mouth,  is  a  stream  fifteen  or  twenty  yards 
across,  and  is  about  the  size  of  Middle  river.  The  stream  was  carefully  followed  from 
Sec.  6,  T.  47,  R.  11  W.,  a  distance  of  eight  or  nine  miles  to  the  north,  and  no  rocks  in 
place  were  found.  It  is  a  very  rapid  stream,  and  contains  numerous  boulders  in  its 
channel.  The  fallen  timber  and  dense  underbrush  along  its  bauks  form  a  perfect 
jungle. 

The  Bmle  river  is  the  largest  and  longest  stream  wholly  within  the  district.  The 
river  has  been  very  accurately  described  by  Dr.  Owen,  as  heretofore  stated.  It  was 
also  described  by  Mr.  Frank  Ives,  whose  manuscript  report,  submitted  to  Dr.  Lapham 
in  1874,  is  at  present  in  my  possession.  Facts  have  been  taken  from  both  repdHs,  in 
order  to  complete  the  description,  as  I  have  followed  the  stream  but  about  half  its 
length.  The  head  of  the  Brul6  is  less  than  two  miles  from  the  Upper  St  Croix  lake. 
Several  small  spring  branches  unite  with  the  mam  channel  in  the  northern  part  of  T. 
45,  R.  II  W.,  and  the  exceedmgly  sluggish  stream  winds  through  dense  cedar,  tamarat 
and  alder  swamps,  for  a  distance  of  eight  or  ten  miles,  to  the  dalles  of  the  Brul6  on 
Sec  15,  T.  46,  R.  10  W.  About  four  or  five  miles  above  the  dalles  on  Sec.  30,  com- 
mence the  Upper  Spring  lakes.  These  lakes  extend  to  within  a  mile  of  the  dalles, 
and  are  usually  merely  former  channels  of  the  river.  There  are  somewhat  more  than 
a  dozen  of  them,  each  covering  from  tiiree  acres  to  a  quarter  of  an  acre.  They  are 
usually  parallel  to,  and  on  the  east  side  of,  the  main  channel.  They  are  not  often  more 
than  five  or  six  feet  deep,  but  the  water  is  very  clear,  and  in  the  bottom  of  most  may 
be  seen  jets  of  sand  and  fine  gravel  continually  boiling  up,  varying  in  size  from  an  inch 
to  five  or  even  ten  feet  in  diameter.  In  passing  over  the  surface  of  some  of  the  larger 
lakes  in  a  canoe,  from  fifty  to  a  hundred  of  these  springs  may  be  counted.  In  these 
lakes  are  the  breeding  grounds  of  the  vast  numbers  of  brook  trout  that  inhabit  the 
upper  waters  of  the  Brul6.  I  have  seen  them,  upon  a  clear  day,  in  these  lakes,  as  thick 
as  minnows  in  a  common  pond.  The  bottom  of  the  stream  above  these  lakes,  and  of  the 
mudi  larger  lakes  immediately  below  them,  contain  a  deep,  loose  black  mud,  filled  with 
insects  and  worms,  the  favorite  food  of  the  trout.  It  has  been  aptly  said  that  this  is 
the  angler *s  paradise.  One  may  capture  in  a  short  time  all  that  he  can  carry.  Joseph 
Gheen,  a  half-breed  Indian,  has  recently  built  a  cabin  upon  Sec.  21,  near  the  lakes, 
from  which  point  he  takes  the  fish  during  the  winter  months  to  Duluth  aud  Ashland. 
About  a  mile  below  the  Spring  lakes,  swift  rapids  are  found  about  two  hundred  yards 
in  length,  and  near  the  termination  the  river  is  only  seven  or  eight  yards  wide.  The 
&11  of  the  river  here  is  about  fifteen  feet,  and  the  place  is  known  as  the  Dalles  of  the 
Brul6.    The  banks  are  of  day  and  boulders  only,  and  seven  or  eight  feet  high. 

At  the  foot  of  these  rapids  is  the  third  Pucwagawong  (Chippewa  Indian  —  a  place 
where  reeds  or  flags  grow)  or  Flag  lake.  It  is  only  250  yards  in  length  and  perhaps 
150  in  width.  From  the  foot  of  the  third  to  the  head  of  the  second  Flag  lake  ther« 
are  rapids  of  not  more  than  a  hundred  yards  in  length.  The  latter  lake  is  a  mile  in 
length  and  from  two  to  four  hundred  yards  in  width,  with  a  depth  of  three  or  four  feet 
The  bottom  is  very  muddy,  and  it  is  said  that  during  the  summer,  reeds,  grasses  And 
moss  form  an  almost  complete  mat  over  the  surface  of  the  water.  Descending  a  rapid 
of  150  yards  in  length  from  the  second  Flag  lake,  the  first  Pucwagawong  lake  is  en- 
tered, of  about  the  same  size  as  the  second,  except  that  it  is  nearly  twice  as  deep. 
Cedar  swamps  surround  these  lakes,  and  the  banks  are  lined  with  boulders,  which  are 
also  often  seen  in  the  lakes  projecting  above  the  surface  of  the  water.  From  the  foot  of 
the  first  Flag  lake,  about  the  north  line  of  Sec.  3,  T.  45,  R.  10  W.,  there  are  a  number  of 
rapids  separated  by  short  intervening  bodies  of  slow  water,  to  Sec.  23,  T.  47,  R.  10  W. 
Just  above  the  foot  of  these**  upper  rapids,"  the  Brul&  receives  its  most  important  trib- 
utary, in  the  northern  part  of  Sec.  27.  The  Nebagamain  is  the  outlet  of  a  lake  by  the 
same  name.  It  is  a  small,  swift  stream  not  over  fifteen  or  twenty  feet  across.  The 
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valley  is  narrow,  and  feom  75  to  150  feet  deep.  Numerous  boulders  are  seen  in  the 
banks  but  no  rock  in  place. 

From  the  foot  of  the  upper  rapids  there  is  slack  water  for  ten  or  twelve  miles  by  the 
river,  to  the  head  of  the  lower  rapids,  near  the  south  line  of  Sec.  26,  T.  48,  R.  10  W. 
From  here  the  river  maybe  said  to  be  one  continuous  rapid,  to  within  one  and  a  half  miles 
of  Lake  Superior.  At  first,  for  about  three  miles,  te  the  south  line  of  Sec.  15,  the  rapids 
are  over  Keweenawan  eruptive  rocks,  and  afterwards  over  sandstone.  The  fall  from  the 
first  sandstone  in  Sec.  15  to  the  lake  is  about  200  feet  There  ai«  upwards  of  one  hun- 
dred falls  and  rapids  from  here  to  the  lake,  but  none  of  them  have  a  perpendicular  de- 
scent of  more  than  four  or  five  feet.  At  the  head  of  each  the  water,  from  a  compara- 
tively quiet  pool,  leaps  over  the  escarpment  and  glides  quietly  along  over  the  smooth, 
clean  sandstone  to  the  next  stair,  falling  in  some  instances  over  twenty  or  more  such 
steps  before  it  reaches  the  slack  water  at  the  head  of  the  next  fall. 

The  Brule  has  no  distinct  "  bottom-lands*'  feom  its  source  to  its  mouth.  The  stream 
follows  a  valley  of  its  own  excavation,  from  one  hundred  ^to  two  hundred  feet  deep,  its 
entire  length.  From  its  head,  to  the  head  of  the  upper  rapids,  this  valley  is  in  places 
two  or  three  miles  broad,  and  is  now  occupied  by  swamps  thickly  grown  up  with  white 
cedar,  tamarac  and  alder.  Below  the  upper  rapids  the  valley  is  quite  narrow,  the  clay 
and  gravel  banks,  like  escarpments  of  rocks,  form  bold  and  high  shores,  retreating  a  few 
feet,  or  rods,  here  and  there  at  a  bend  or  where  a  dry  ravine  extends  into  the  uplands. 
Nor  has  the  river  more  than  a  single  important  tributary.  It  drains,  for  so  long  and 
large  a  stream,  an  exceedingly  limited  area.  The  great  springs  adjacent  to  the  barrens, 
and  near  its  source,  provide  its  main  supply  of  water. 

Iron  river  has  many  branches,  nearly  all  of  which  originate  along  the  base  of  the 
northwestern  flank  of  the  high  land.  There  are  many  small  springs  at  the  heads  of 
these  streams,  and  the  valleys  are  all  deep  and  narrow.  Occasionally  there  are  swamps 
of  a  few  acres  in  extent,  along  the  larger  branches,  but  usually  the  high  lands  come  up 
on  either  side  within  a  few  rods  of  the  stream.  In  sections  22  and  23,  T.  49,  R.  9.  W., 
the  main  biunches  of  Iron  river  are  only  from  one-eighth  to  one-fourth  mile  from  the 
main  stream,  and  yet  are  separated  from  it  by  ridges  from  75  to  125  feet  in  height 
From  the  source  to  the  mouth  of  Iron  river,  is  almost  one  continuous  rapid.  There  are 
no  falls  until  within  two  or  three  miles  of  the  lake,  when  red  sandstone,  the  first  rock 
in  situ,  is  found.    In  many  places  the  channel  is  badly  blocked  up  with  fallen  timber. 

Flag  river  also  heads  along  the  flank  of  the  moraine.  Its  valley  is  deep  but  some- 
what wider  and  more  swampy  than  that  of  Iron  river.  There  are  no  rock  exposures 
along  this  stream. 

Cranberry  river  is  about  twenty-five  feet  wide  for  a  distance  of  three  or  four  miles 
above  its  mouth.  The  current  of  the  lower  part  of  the  stream  is  gentle,  and  the  valley 
is  broad.  The  small  branches  of  the  river  are  swift  flowing  streams,  the  largest  of  them 
having  a  fall  of  between  200  and  300  feet,  in  a  distance  of  only  two  or  three  miles. 

Siskowit  creek  is  a  small  stream,  heading  at  Siskowit  lake  and  in  the  swamps  of 
the  vicinity,  in  T.  50,  R.  6  W.  It  flows  through  a  deep  and  narrow  valley,  heavily  tim- 
bered to  the  water's  edge.  There  are  falls  and  rapids  over  the  red  sandstone  from  about 
three  miles  above  Siskowit  bay. 

The  rivers  and  streams  already  mentioned  flow  into  Lake  Superior.  They  are  gener- 
ally small,  short  and  swift,  and  each  has  cut  a  tolerably  straight  and  deep  valley  through 
the  drift  from  its  source  to  its  mouth.  They  all  pass  through  portions  of  the  dense  for- 
est which  everywhere  borders  the  south  shore  of  Lake  Supi'rior. 

St  Croix  river  heads  in  the  Upper  St.  Croix  lake,  in  T.  45,  Rs.  11  and  12  W., 
and  is  tributary  to  the  Mississippi.  For  the  first  few  miles  of  its  course,  it  is  a  rather 
rapid  stream,  the  channel  containing  numerous  boulders  of  granite,  gneiss  and  Kewee- 
nawan eruptive  rocks.  From  the  mouth  of  Ox  creek  to  Chase's  dam,  in  Sec  36,  T.  44,  R. 
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11  W.,  the  current  is  rery  sluggish  and  quite  deep,  passing  over  a  loose  blackish  sedi- 
ment, and  winding  through  a  long  swamp  of  cedar  and  taraarac.  The  limits  of  the 
swamp  are  usually  less  than  a  mile  on  either  side  of  the  channel,  and  in  consequence  of 
fires  and  the  rise  of  water  caused  by  Chase's  dam,  the  former  tamarac  and  cedar  trees 
now  stand  as  bare  and  blackened  poles.  From  Chase's  dam  for  something  over  twenty 
miles,  the  river  very  nearly  follows  the  strike  of  the  southward  dipping  reddish  Kewee- 
nawan  sandstones,  which  frequently  crop  out  along  the  banks,  and  in  the  channel,  form- 
ing swift  and  dangerous  rapids. 

It  is  only  necessary  to  mention  two  of  the  tributaries  of  the  St.  Croix,  the  Eau  Claire 
and  Moose  rivers.  The  Eau  Claire  is  a  small  and  gently  flowing  stream,  issuing  from 
the  Eau  Claire  lakes.  It  has  no  tnbutaries,  but  passes  from  the  lower  lake,  a  distance 
of  almost  twelve  miles,  across  the  barrens  to  the  St.  Croix  river. 

MooBe  river  heads  upon  the  dividing  ridge,  in  T.  45,  Rs.  12  and  13  W.,  and  flows 
directly  south  to  the  St.  Croix.  The  upper  portion  of  the  river,  and  its  branches,  flow 
through  swampy  bottoms,  in  the  immediate  vicinity  of  great  pine  forests.  The  lower 
portion  of  the  stream  is  very  rapid,  passing  over  the  upturned  edges  of  the  southward 
inclining  Keweenawan  strata.  Along  this  portion  of  the  stream  the  barrens  come  up 
close  on  the  esust  side. 

Climate.  The  climate  of  the  Lake  Superior  country  is  somewhat 
rigorous  during  the  winter,  and  quite  cool  during  the  greater  part  of 
summer.  In  the  vicinity  of  the  lake  shore,  however,  it  is  by  no  means 
so  subject  to  sudden  and  great  extremes  of  temperature  as  the  in- 
land district,  several  degrees  to  the  south.  For  at  least  fifteen  or 
twenty  miles  south  of  the  shore,  the  temperature  is  considerably  mod- 
ified by  the  proximity  of  the  vast  body  of  water  in  Lake  Superior. 
The  cold  winds  of  winter,  in  their  long  passage  across  the  lake,  which 
never  freezes,  are  very  sensibly  warmed,  and  to  some  extent  transfer 
their  warmth  to  the  country  over  which  they  pass.  During  the  warm 
days  of  summer  a  cool  breeze  usually  springs  up  from  the  lake  towards 
evening,  and  the  nights  are  always  cool.  Thus  the  great  lake,  although, 
of  course,  to  a  much  less  extent,  has  an  oceanic  effect  in  equalizing 
the  temperature  in  its  vicinity.  A  thermometer  was  kept  for  nearly  a 
year  at  the  head  of  the  Brule  by  Mr.  Ives,  and  from  him  I  learn  that 
the  mercury  at  that  lo3ality  usually  descends  ten  or  fifteen  degrees 
lower  in  winter,  and  rises  about  that  much  higher  in  summer,  than  at 
the  United  States  signal  station  of  Duluth,  upon  the  shore  of  the  lake. 
A  study  of  all  the  meteorological  observations  which  have  been  taken 
at  Bay  City  (Ashland),  Bayfield,  Superior  and  Duluth,  and  at  present 
(1874)  accessible  to  me,  shows  a  mean  annual  temperature  at  the  lake 
shore  of  about  38*  Fahrenheit.  The  spring  months  show  a  mean  tem- 
peratureof  34";  summer,  62' ;  autumn,  40";  and  winter,  about  15". 
The  prevailing  winds  in  spring  and  summer  are  from  the  northeast; 
in  autumn  and  winter  from  the  southwest.  The  annual  rain  fall  and 
melted  snow  is  about  thirty-seven  inches.  Winter  sets  in  about  the 
last  of  October,  and  continues  cold  and  usually  clear  until  the  first  of 
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April,  in  ordinary  seasons.  In  1873  we  had  freezing  nights  in  tho 
early  part  of  September,  on  the  Copper  Range,  and  a  heavy  snow 
storm  upon  the  third  of  October.  The  snow  usually  lies  from  three  to 
four  feet  deep  in  the  forest  all  winter.  In  1877,  the  snow  was  ndirlj 
gone  on  the  10th  of  April,  and  all  gone  by  the  first  of  May,  although 
ice  was  found  in  the  swamps  two  or  three  weeks  later.  Maple  buds 
were  considerably  expanded  April  25th,  and  a  week  later  the  first 
flower  (Ranuncultts)  was  noticed  in  the  barrens.  It  may  be  stated, 
however,  in  this  connection,  that  the  spring  of  1877,  in  this  district, 
was  about  a  month  earlier  than  usual. 

On  the  south  slope,  in  the  vicinity  of  the  Upper  St  Croix,  the  sea- 
sons are  generally  two  or  three  weeks  earlier  than  on  the  north  slope. 
This  is  partially  due  to  the  more  sandy  character  of  the  soil.  Straw- 
berries  ripen  on  the  south  slope  about  the  first  of  August;  along  the 
north  slope  and  on  the  Apostle  Islands,  from  the  middle  to  the  last  of 
August.  Very  little  in  the  line  of  agriculture  has  been  accomplished 
in  this  district,  but  enough  has  been  done  to  demonstrate  the  adapta- 
bility of  the  staple  cereals,  wheat,  oats,  rye  and  barley,  to  the  climate. 
Winter  wheat  especially  thrives,  as  it  iseflfectually  protected  from  the 
frosts  of  the  winter  by  a  deep  but  light  coating  of  snow.  In  the  few 
trials  as  yet  made  with  this  grain,  from  forty  to  sixty  bushels  to  the 
acre  have  been  realized.  The  climate  and  soil  appear  to  be  well  adapted 
to  the  growth  of  the  potato.  Large  crops  of  the  finest  potatoes  that  I 
have  ever  tasted  are  raised  at  Superior  City.  There  are  but  three  or 
four  farmers  living  in  the  district,  and  not  more  than  300  or  500  acres 
have  been  cleared  for  agricultural  purposes  in  Douglas  and  Bayfield 
counties,  having  an  area  of  upwards  of  3,000  square  miles. 

Soil*  Within  the  limits  of  this  district  there  may  be  distlngaisbed 
four  classes  of  soils.  "With  one  exception  they  owe  their  origin 
entirely  to  the  drift,  and  mainly  to  the  rearrangement  of  the  drift 
since  its  deposition.  It  is  not  intended  to  attempt  a  critical  descrip- 
tion of  the  soils,  nor  to  give  the  exact  areas  occupied  by  each,  onlj  to 
notice  them  in  a  general  way,  and  to  approximately  place  them. 
There  is  perhaps  no  area  of  equal  extent  in  the  state  characterized  by 
as  radically  different  soils  as  this.  While  they  often  imperceptibly 
grade  into  each  other,  the  main  areas  of  the  various  soils  can  nsoally 
be  recognized  by  a  glance  at  the  various  classes  of  vegetation  which 
they  support  A  good  soil  map  of  northern  Wisconsin  would  very 
accurately  show  the  distribution  of  timber,  as  may  be  noticed  fwni 
an  inspection  of  the  accompanying  outline  map. 

Class  T.  The  red  marly  clay  soil.  This  soil  has  been  to  exoeUentljr  detcribcdl? 
Professor  Chamberlin,  on  page  193  of  the  second  volame  of  the  Qecdogy  of  Wiiooasu^ 
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thai  it  requires  but  a  brief  notice  in  this  connection.  It  is  the  predominant,  and  almost 
exdusiye  soil  on  the  north  slope  of  the  district.  It  is  usually  covered  with  a  veiy  slight 
coating  of  humus  or  vegetable  mould,  which  is  frequently  so  light  that  a  slight  scraping 
with  the  foot  exposes  the  surface  of  the  red  clay,  which,  interstratified  with  layers  of 
Ine  sand,  is  many  feet  in  depth.  The  physical  properties  of  this  clay,  so  far  as  I  have 
ibserved,  are  the  same,  whether  taken  from  the  sur^u^,  or  several  feet  below  it.  Where 
it  is  unmixed  with  sand,  it  is  veiy  tenacious,  and  is  exceedingly  retentive  of  moisture, 
making  a  *'  heavy,  cold  '*  soil.  As  a  general  rule,  it  contains  too  little  sand,  in  the  Lake 
Superior  country,  to  give  it  the  most  desirable  drainage  and  '*  lightness  "  for  agricul- 
tural purposes  in  .this  latitute.  It  however  appears  to  be  an  excellent  grass  soil.  In 
the  eastern  part  of  the  district  it  is  heavily  timbered  with  hemlock  and  pine,  and  in  the 
western  portion  with  scrub  pines,  poplar,  birch,  balsam  and  spruce.  An  analysis  of  this 
dass  of  soil,  froft  near  Ashland,  wiU  be  found  below.  It  is  typical  of  the  red  clays,  and 
was  made  for  the  survey  by  Mr.  T.  E.  Bowman. 

Class  IL  Loamy  soil.  This  soil  is  found  on  the  summit  of  the  Copper  Range  and 
a  short  distance  to  Uie  south  of  it.  It  is  also  found  on  the  high  ridges  to  the  east  of 
the  range,  and  at  places  along  some  of  the  river  valleys.  It  contains  more  sand  and 
much  more  decomposed  vegetable  matter  than  the  moriy  day  soil,  and  is  in  every  way 
its  superior.  On  the  Copper  Range  it  mainly  owes  its  origin  to  the  decomposition  or 
wearing  down  of  the  Eeweenawan  eruptive  rocks,  while  at  other  places  the  clay  has 
been  partially  washed  from  the  sand,  often  to  the  depth  of  several  feet.  When  it  is 
found  in  the  vicinity  of  the  large  streams,  it  often  has  many  of  the  characteristics  of 
an  alluvial  soiL  The  loamy  soils  are  timbered  with  a  medium  growth  of  poplar,  maple, 
birch,  oak  and  balsam.  Bdow  is  given  an  analysis  of  this  soil,  found  in  Mr.  Ives' 
manuscript  report. 

Class  IIL  Sandy  soil.  The  area  occupied  by  this  soil  is  known  as  the  ''  Barrens  *' 
of  Bayfield  and  Douglas  counties.  It  is  nearly  co^tensive,  as  to  as  this  district  is  con- 
cerned, with  the  great  moraine  and  EetUe  range,  extending  to  the  southwest  from  the 
Bayfield  peninsula.  This  soil  is  made  up,  to  a  great  depth,  of  light  colored,  rounded 
grains  of  quartz,  frequently  mixed  with  fine  gravel.  There  are  exceedingly  few  boulders 
scattered  over  the  country  occupied  by  this  soil.  It  owes  its  origin,  of  course,  to  the 
drift.  This  soil  is  of  the  poorest  quality.  It  sustains  but  a  scant  growth  of  stunted 
scrub  pines.  It  contains  no  vegetable  mould,  and  only  here  and  there  bears  a  tuft  of 
grass.  Fires  have  passed  over  the  "  Barrens  '*  recently,  during  very  dry  seasons,  and 
destroyed  in  many  places  the  little  timber  that  formerly  existed  on  the  soil.  Now 
there  are  areas  of  eight  or  ten  miles  in  length,  notably  along  the  east  bank  of  the 
upper  Bruld,  upon  which  there  are  no  trees  or  shrubs,  and  very  little  vegetation  of  any 
kind.  These  treeless  areas  contain  no  streams,  and  very  few  lakes,  while  the  remainder 
of  the  sandy  district,  although  showing  no  streams,  has  an  abundance  of  small  lakes. 
I  think,  however,  that  the  scant  vegetation  of  the  '* Barrens  **  is  not  mainly  due  to  a 
lack  of  water — for  the  trees  are  no  larger  about  the  lakes  than  elsewhere  —  but  to  an 
insuffident  supply  of  proper  plant  food  in  the  soiL 

Class  IV.  Hamas  soil.  Following  the  example  of  Professor  Chamberlin,'  I 
indude  under  this  head  only  the  swamp  soils,  or  those  which  are  composed  largely  of 
decomposed  vegetable  matter.  Nearly  the  whole  of  the  southwestern  part  of  the  dis- 
trict is  occupied  by  the  humus  soil.  This  soil  varies  in  depth  from  one  to  even  ten  or 
twenty  feet,  and  is  usually  underlaid  by  the  red  marly  days.  It  is  made  up  of  a  small 
proportion  of  earthy  matter  associated  with  decomposed  vegetable  substance  which  has 
resulted  from  the  decay  of  fallen  trees,  twigs  and  leaves,  and  also  from  the  accumula- 
tion of  moss  with  which  the  surface  of  the  swamps  is  heavily  coated.  In  some  places, 
#.  ^.,  south  of  Superior  City,  for  a  distances  of  five  or  six  miles,  the  sur&oe  of  the  coun- 
t  Qeologj  of  Wlfconsln,  Vol.  II,  p.  19S. 
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fxy  partakes  somewhat  of  the  characters  of  a  swamp.  The  vegetation  belongs  to  the 
swampy  class,  and  the  soil  is  covered  with  humus  and  moss  several  inches  deep,  under- 
laid by  red  clay.  Some  parts  of  these  semi-swamps  are  true  small  swamps,  but  in  gen- 
eral, these  large  areas  have  rather  a  marly  clay,  than  a  humus  soil.  These  semi- 
swamp  lands  Bi-e  often  among  the  best  in  the  district  for  agricultural  purposes.  On  the 
typical  humus  soils  there  is  always  a  dense  growth  of  white  cedar,  tamarac  and  sproce. 
The  following  analyses  are  introduced  simply  to  show  the  general  composition  of  the 
above  mentioned  soils.  Nos.  1  and  2  are  by  Mr.  T.  E.  Bowman;  they  were  made 
simply  as  clay,  not  as  soil  analyses.  Nos.  3  and  4  are  from  Mr.  Ives*  manuscript  re- 
port: 


Soil  Analtsks. 


Organic  matter 

Silica 

Alumina 

Per-oxide  of  iron 

Calcium  carbonate  . . . . 
Ma^esiura  carbonate. 
Moisture  and  water. . . 


Total. 


48.74 
34.72 
4.40 
4.31 
4.01 
4.09 


100.27 


2. 


57.60 
25.86 
4.11 
6.40 
3.53 
2.57 


100.06 


9.60 

>80.36 

2.90 

.90 

1.01 

.86 

3.15 


98.78 


.80 

•94.08 

.74 

1.00 

1.15 

.26 

.37 

98.40 


Timber.  The  great  forest,  of  which  the  Western  Lake  Superior  district  is  but  a 
small  part,  occupies  the  northern  half  of  Wisconsin,  nearly  the  whole  ol  Michigan,  the 
northern  part  of  Minnesota,  covering  the  country  far  to  the  east  and  west  of  these 
states,  and  stretching  away  to  the  north  for  an  unknown  distanoe  into  the  British  pos- 
sessions. In  Wisconsin  and  Michigan,  the  forest  is  exceedingly  dense,  and  in  the 
forests  of  these  states  there  are  at  present  the  most  considerable  lumbering  districts  of 
the  world.  The  pine  lumber  annually  manufactured  in  Wisconsin  alone  exceeds  one 
thousand  millions  of  feet.  In  1875  it  was  1,097,443,681  feet^  Notwithstanding  this 
vast  annual  yield,  there  is  sufficient  pine  lumber  in  Wisconsin  to  supply  the  demand  for 
many  years,  if  the  tracts  of  pine  still  uncut  shall  be  efBciently  protected  from  the  rav- 
ages of  fire.  It  is  perfectly  safe  to  state  that  in  Wisconsin  more  pine  lumber  is  yearly 
destroyed  by  fire  than  is  felled  by  the  woodman's  axe.  The  fires  usually  originate 
during  the  dry  season,  through  the  carelessness  of  explorers  in  leaving  their  camp  fires. 
Sometimes  they  start  from  a  fire  set  to  bum  off  the  dead  grass  from  an  acre  or  two  of 
some  of  the  **  hay  meadows  **  in  the  district.  The  dry  tops  of  the  pine  trees,  which  are 
allowed  to  remain  where  they  fall  by  the  lumbermen,  greatly  assist  the  spreading  and 
destructiveness  of  the  fires.  Trees  left  standing  among  the  fallen  tops  of  othen  are 
always  killed  by  the  fires,  and  in  the  oourse  of  a  year,  become  decayed  and  worm-eaten, 
and  totally  unfit  for  lumber.  During  the  past  two  or  three  yeara,  which  have  been 
unusually  dry,  extensive  fires  have  swept  over  northern  Wisconsin  and  devastated 
several  thousand  square  miles  of  territory,  and  destroyed  many  thousand  acres  of  mort 


1  Intoloble  BlUcstci. 
•See  ''State  of  Wiscontm/' 
blUon,  p.  11. 


a  pamphlet  published  for  dUtrlbntlon  at  the  Centennial  Kibt- 
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excellent  pine.  By  the  term  "pinery,"  or  •*  pine  lands,"  must  not  be  understood  a 
tract  exclusicely  occupied  by  pines;  indeed,  areas  upon  which  pine,  suitable  for  lumber, 
k  the  prevailing  timber,  are  the  exception  rather  than  the  rule  in  northern  Wisconsin. 
If  a  tract  of  several  hundred  acres  occurs  in  the  vicinity  of  a  stream,  by  which  the  logs 
nmy  be  conveniently  floated  down  to  the  saw  mills,  sometimes  a  hundred  or  more  miles 
distant,  and  has  an  average  of  one  or  two  trees  of  two  or  three  feet  in  diameter  per 
rare,  it  is  classed  as  **  pine  land."  Of  course  there  are  small  areas  of  over  a  hundred 
fine  lumber  pine  trees  to  the  acre,  but  such  areas  are  not  of  frequent  occurrence. 

In  the  Western  Lake  Superior  district,  we  find  all  the  classes  of  timber  represented 
which  are  found  in  the  above-mentioned  great  northern  forest.  The  accompanying 
plate,  which  is  an  outline  soil  and  timber  map,  will  show  at  a  glance  the  general  dis- 
tribution of  the  timber.  It  is  not  intended  to  present  the  details  of  the  forestry  of  the 
district.  The  plate  is  upon  too  small  a  scale  to  represent  small  areas.  Only  the  pre- 
vaDing  timber  upon  important  arjas  h  designatad.  In  the  eastern  part  of  the  district, 
hemlock  is  the  prevailing  growth,  although  there  are  small  areas  of  valuable  pine  lands; 
and  also  locaIitie3  upon  which  sugar  maple  is  the  predominating  timber.  The  hemlock 
frees  are  usually  from  one  to  three  feet  in  diameter,  and  stand  quite  close  together.  Red 
pine,  birch,  white  cedar  and  aspen,  are  often  found  scattered  among  the  larger  hem- 
locks. As  yet  there  have  been  very  feeble  attempts  made  to  utilize  either  the  hemlock 
bark  or  timb3r.  It  is  well  known  that  hemlock  bark  is  regarded  as  inferior  to  none  for 
tanning  purposes.  But  a  very  few  cords  have  been  shipped  down  the  lakes  to  the  tan- 
neries frbm  Bayfield  and  Ashland  counties,  where  it  is  found  in  almost  inexhaustible 
quantities.  In  the  opinion  of  the  writer,  a  manufactory  established  at  Ashland  or  Bay- 
field, for  the  purpose  of  producing  the  "extract  of  hemlock  bark,"  to  be  shipped  and 
used  in  tanning  leather,  would  be  a  valuable  investment. 

Along  the  lake  shore  in  Douglas  county  and  extending  into  Bayfield  county,  and 
reaching  back  as  far  as  the  Copper  Ranga,  there  is  a  very  dense  growth  of  small  trees 
consisting  of  about  equal  numbers  of  poplar,  birch,  cedar  and  balsam.  These  trees  are 
ordinarily  les^  than  a  foot  in  diametar,  and  from  twenty  to  eighty  feet  in  height.  In 
this  area,  large  white  pines  are  frequently  found,  as  are  also  the  red  or  Norway  pines, 
and  sometimes  elm,  ba^swood,  spruce  and  tamarac.  The  underbrush  and  vast  numbers 
of  ^len  trunks  of  trees,  make  traveling  in  this  area  extremely  arduous. 

On  the  Copper  Range,  and  on  the  high  ridges  to  the  east  and  south  of  it,  the  prevailing 
growth  is  sugar  maple,  black  oak,  birch,  poplar  and  yellow  pine.  These  trees  are  gen- 
erally less  than  eighteen  inches  in  diameter  and  are  not  nearly  so  dose  together  as  those 
farther  north,  just  mentioned.  Scattered  among  them  occur  cedar,  tamarac,  balsam 
and  white  pine  trees.  To  the  south  and  southwest  of  the  Copper  Range  there  is  a  large 
tract  of  country  occupied  mainly  by  dense  swamps  of  cedar  and  tamarac.  The  trees  are 
small,  generally  being  from  six  to  ten  inches  in  diameter,  and  often  so  close  together 
that  it  is  with  great  difficulty  that  a  person  can  pass  between  them.  In  the  swamps, 
and  associated  with  the  cedar  and  tamarac,  are  often  found  balsam  and  spruce.  Between 
the  swamps  there  are  frequently  narrow  ridges  of  drift  upon  which  grow  pine,  birch  and 
poplar.  Several  small  areas  of  pine  have  been  mdicated  upon  tiie  accompanying  plate,' but 
it  must  not  be  understood  that  pine  in  each  case  lb  the  prevalent  growth;  only  that  these 
areas  contain  valuable  pine  lands.  North  of  Siskowit  lake,  there  is  some  very  fine  pine. 
Excellent  white  pine  is  also  found  upon  the  head  waters  of  the  Nema^ji  river  and  on 
the  upper  waters  of  Moose  river.  Along  the  banks  of  the  Upper  Brul^  there  are  nar- 
row belts  of  beautiful  red  or  Norway  pine.  They  stand  on  the  high  sandy  banks  of  the 
river  onassociated  with  other  trees.  They  are  from  one  to  two  feet  m  diameter,  and 
often  are  perfectly  straight,  and  without  a  limb  for  from  fifty  to  eighty  feet  from  the 
ground.    Th  ise  "  Norways  "  would  make  very  superior  spar  timber. 

The  "  barrens  "  have  a  timber  growth  exclusively  their  own.    The  trees  are  either 
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■crab  pines,  or  black-jack  oaks,  averaging  in  diameter  about  three  or  four  inches  and  io 
height  not  over  fifteen  fe^t.  In  some  places,  as  on  the  sand  hills  of  the  barrens,  the 
trees  are  at  considerable  distances  from  each  other,  and  in  other  places  the  little  scrub 
pines,  not  over  two  inches  in  diameter,  are  so  close  together  as  to  constitute  a  neariy  im- 
penetrable thicket.  On  the  sides  of  the  barrens,  and  in  low  places,  quite  large  gro? es 
of  Norway  pines  are  frequently  found. 

The  following  list  comprises  all  of  the  treas  and  shraba  that  I  have  noticed  in  the 
Western  Lake  Superior  district.  Those  markad  with  an  asterisk  are  scarce  and  were 
rarely  observed.    A  complete  catalogue  of  the  trees  and  shrabs  is  not  contemplated. 

IJST  OF  TREES  AND  SHRUBS  NOTICED  IN  THE  DISTRICT: 


Common  Name. 


Basswood* 

Sugar  Maple 

Red  Maple 

Mountam  Ash* 

Bunch  Berry* 

Kinnikinnik 

Red-osier  (Kinnikinnik) 

High-bush  Cranberry* 

Common  Cranberry* 

Blueberry 

Blueberry  (Huckleberry) 

Huddeberry* 

BUckAsh* 

Moose- wood 

Crowberxy* 

Elm 

Burr-oak* 

Jack-oak  (Scrab-oak) 

Black  Oak • 

Hazle-nut 

Iron-wood* 

White  Birch 

Canoe  Birch 

Yellow  Birch 

Black  Alder 

Hoaiy  Willow* 

American  Asoen.  (Poplar). . 

Large-toothed  Poplar 

Balm  of  Gilead* 

Scrab  Pine 

Red  Pine  (Norway) 

Yellow  Pine 

White  Pine 

Balsam 

BUick  Sprace 

White  Sprace 

Hemlock.  •*.« 

Tamarao 

Cedar  (Arbor  Vit») 

Gioona  Hemlock 


Scientific  Name. 


Tilia  Americana 

Acer  Saccharinum 

Acer  rubrum 

Pyrua  Americana 

Cornus  canadenstB 

Comus  sericea 

Comua  stolonifera 

Viburnum  opulus 

Vaccinium  Macrocarpon  . . 
Vaccinium  Fennsylvanicum 

Vaccinium  canadense 

Vaccinium  earytnbosum  . . . 
Fraxinus  Samhucifolia* . . . 

Dirca  palmtris 

Empetrum  nigrum 

Uluma  Americana 

Quercus  macrocarpa 

Quercus  nigra .'. 

Quercus  tinctoria 

Corylus  Americana 

Ostrya  Virginiea 

Betula  alba 

Betula  papyracea 

Betula  excelsa 

Alnus  incana 

Salis  Candida 

Populua  tremuhides 

Populua  grandideniata, . . , 

Populus  candicans 

Pinua  hanksiana 

Pinus  resinosa 

Pinua  mitis 

Pinua  strobua 

Ahiea  halaamea 

Abiea  niara 

Abies  aWa 

Abies  canadensis 

Larix  Americana 

Thuja  accidentalis 

Taxus  catuidensis 


locautt  where 
Obsebyed. 


Copper  Range,  Douglas  Co. 
Copper  Range,  Dou^as  Co. 
Southwest  of  Siakowit  lake. 
Flag  river. 
Cranberry  river. 
Swamps,  Douglas  county. 
SwampSj  Douglas  county. 
Wisconsm  mine.     * 
Swamps,  Aminicon  river. 
Barrens  (very  common). 
Swamps,  Moose  lake. 
Moose  lake. 

Head  of  Aminicon  river. 
Copper  Range. 
Siskowit  lake. 
Poplar  river. 
Copper  Range. 
Barrens. 
Copper  Range. 
River  banks  and  bottoms. 
Copper  R.,bankB  of  streams. 
With  hemPka,  n'r  Bayfield. 
South  of  Copper  Range. 
Copper  Range,  and  south. 
Head  of  most  streams. 
Mouth  of  Flag  river. 
Common  everywhere. 
Common  everywhere. 
Aminicon  river. 
Barrens,  oonmion. 
Upper  Brul6,  common. 
Copper  Range. 
Hewi  Moose  river,  common. 
Common  eveiywbere. 
Siskowit  lake,  swamps. 
Swamps,  south  of  Copper  R. 
Eastern  Bayfield  county. 
Swamps,  common. 
Swamps,  common. 
Eastern  Bayfield  ooun^. 


Game.  There  is  very  little  wild  game  in  the  district  In  places  the  Virginia  deer 
are  quite  plenty.  Moose  are  also  occasionally  found.  There  are  also  a  very  few 
gray  wolves,  lynxes,  wolverines  and  brown  bears.  Porcupines,  woodchucki  and  red 
tqoinels  uxe  quite  frequently  seen.    The  for-beaiing  animab,  aa  th9  beaver,  citei, 
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mink,  fisher,  and  marten,  although  found  in  the  district,  are  very  rare  indeed.  The 
only  e:ame  birds  that  are  fonnd  in  the  district  are  the  ruffled  grouse  or  partridge,  which 
is  quite  abundant,  the  spruce  partridge,  which  is  rather  rare,  and  the  pigeon,  which  is 
very  seldom  seen.  Birds  of  all  kinds  are  scarce  in  the  Lake  Superior  country;  indeed  a 
person  may  sometimes  in  the  spring  or  autumn  travel  for  a  day  through  the  forest  with- 
out meeting  a  half  dozen  birds.  The  following  list  comprises  all  that  have  come  under 
my  observation  in  the  district:  Ruffled  grouse,  spruce  partridge,  pigeon,  robin,  hermit 
thrush,  black  wood  cock,  black  backed  woodpecker,  sap  sucker,  high  holder,  red  winged 
blackbird,  purple  grackle,  snow  bird,  yellow  throated  vireo,  homed  owl,  screech  owl, 
blue  jay,  mallard,  wood  duck,  teal,  fish  duck,  red  breasted  merganser,  hooded  mergan- 
ser, chipping  sparrow,  pine  finch,  red  crossbill,  common  crow,  raven,  sparrow  hawk, 
and  the  red  tailed  hawk. 
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CHAPTER  II. 

GEOLOGICAL  FOEMATIONS. 

GENERAL  GEOLOGICAL  STRUCTURE  OF  THE  DISTRICT. 

The  geology  of  the  southern  shore  of  Lake  Superior  has  been  for 
many  years  a  fertile  theme,  upon  which  numerous  warm  discussions 
and  earnest  controversies  have  taken  place  among  geologists.  The 
main  points  of  difference  of  opinion  have  been  in  regard  to  the  age  of 
the  several  geological  formations  found  upon  or  in  the  immediate 
vicinity  of  the  south  shore  of  the  lake.  The  results  recently  obtained 
in  northern  Wisconsin,  taken  in  connection  with  those  previously 
reached  by  Brooks  and  Pumpelly  in  northern  Michigan,  add  much  to 
our  knowledge,  however,  and  give  us  nearly  as  complete  a  knowledge 
in  regard  to  the  structure  of  northern  "Wisconsin  as  is  had  of  any  other 
portion  of  the  state. 

The  principal  results  of  the  geological  researches  in  the  above  men- 
tioned districts  are  discussed  at  some  length  in  Part  I  of  this  volume. 
The  following  is  a  brief  summary  statement  of  the  main  points  l)ear- 
ing  upon  the  geology  of  our  district:    The  whole  northern  portion  of 
Wisconsin,  to  within  fifteen  or  twenty  miles  of  Lake  Superior,  on  the 
northeast,  and  say  fifty  or  sixty  towards  the  northwest,  is  occupied  by 
highly  crystalline  granite,  gneissic  and  chloritic  rocks,  which  have 
been  referred  to  the  Laurent ktn  formation.    These  rocks  have  com- 
monly a  strike  of  but  a  few  degrees  north  of  east,  and  a  high  dip 
either  to  the  north  or  south.    Un conformably  overlying  them  on  the 
north  are  found  the  Hxironian  strata,  consisting  of  silicious  marbles, 
quartzites,  silicious  schists,  containing  magnetite  and  specular  iron 
ores,  black  slates  and  diorites,  etc.,  in  all,  some  13,000  feet  thick,  and 
dipping  constantly  to  the  north.     Overlying  the  Huronian  strata  in 
Ashland  county  is  the  Keweenawan  system,  having  a  thickness  meas^ 
ured  by  miles,  and  consisting  of  a  great  variety  of  rocks  lithologically 
distinct,  among  which  may  be  mentioned  diabase,  felsitic  porphyry, 
melaphyr,  conglomerate,  sandstone  and  shale.     The  belt  of  country 
occupied  by  these  rocks  is  locally  known  as  the  Ashland  County  Copper 
Range.     It  is  a  westward  prolongation  of  the  great  Mineral  Range  of 
Keweenaw  Point,  upon  which  the  most  noted  copper  mines  of  the 
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world  are  worked.  This  ran^^e  enters  the  state  of  Wisconsin  in  the 
extreme  northeast  corner,  extends  in  a  southwesterly  direction  entirely 
across  the  state,  and  enters  Minnesota  in  a  broad  belt,  between  the 
month  of  Kettle  river  and  Taylor's  falls,  although  in  this  region  it  is 
mainly  covered  by  the  rocks  of  later  formations.  Along  the  course  of 
this  belt  the  rocks  dip  constantly  to  the  north,  the  angle  of  dip  de- 
creasing and  the  surface  width  increasing  as  the  formation  is  traced 
westward.  These  northward-dipping  rocks  seem  to  form  the  southern 
side  of  a  synclinal,  of  which  the  southward-dipping  beds  of  our  dis- 
trict form  the  northern  side.  The  northward-dipping  beds  lie  wholly 
without  the  region  now  under  consideration,  and  will  be  found  described 
in  other  portions  of  this  volume.  We  may  then  pass  at  once  to  the 
consideration  of  the  southward-dipping  beds  which  underlie  the  whole 
of  our  district,  even  those  portions  where  the  horizontal  sandstone  is 
now  the  surface  rock. 

In  northern  Wisconsin  there  are  no  southward-dipping  rocks  which 
can  be  referred  to  the  Iluronian.  In  Minnesota,  however,  along  the 
St.  Louis  river,  and  approaching  within  two  or  three  miles  of  the  north- 
west corner  of  Wisconsin,  there  are  strata,  which,  although  at  present 
not  absolutely  known  to  be  Iluronian,  may,  with  very  little  doubt,  be 
referred  to  that  formation.  Lithological  characters  alone,  were  they 
to  be  entirely  depended  upon,  would  assign  the  formation  at  once  to 
the  Iluronian.  It  is  made  up  principally  of  chloritic  and  silicious 
slates,  which  occasionally  grade  into  heavily  bedded  quartzite.  The 
slates  are  found  along  the  St.  Louis  river  from  Knife  falls  to  Greeley, 
a  distance  of  ten  or  twelve  miles.  The  general  strike  is  about  N.  85' 
E.  (magnetic),  and  the  dip,  although  somewhat  variable,  about  40 •  to 
the  south.  As  but  a  very  short  time  was  spent  in  examining  these 
slates,  their  junction  with  the  Keweenawan  rocks  was  not  found,  but 
they  apparently  underlie  the  latter,  which  are  found  at  some  distance 
to  the  south  of  them.  Moreover,  dykes  are  found,  at  various  locali- 
ties, especially  along  the  Dalles  of  the  St.  Louis,  at  Thompson  and  at 
the  "Junction,"  which  cut  through  the  beds  of  slate  and  silicious 
schist,  and  consist  of  a  very  coarse-grained  gabbro,  similar  to  that 
lying  at  the  base  of  the  Keweenawan,  in  Ashland  county,  and 
largely  exposed  at  Bladder  lake.  These  dykes  are  probably  simply 
veins  or  small  branches  which  were  thrust  into,  or  up  through,  the 
slates,  from  the  main  eruptive  mass,  and  are  of  contemporaneous  origin 
with  the  Keweenawan  gabbro.  Further  facts  in  regard  to  the  slates 
of  the  St.  Louis  river  will  be  found  on  a  subsequent  page. 

Undoubted  Keweenawan  rocks  are  found  in  Douglas  county,  twelve 
or  fifteen  miles  southeast  from  the  eastern  end  of  the  St  Louis  slates. 
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They  extend  entirely  across  the  county,  outcropping  in  a  more  or  less 
broken  line,  and  forming  the  well  known  Douglas  county  "  Copper 
Range."    The  trend  and  dip  of  this  formation,  although  occasionally 
quite  indistinct,  are  nevertheless,  as  shown  by  a  great  number  of  per- 
fectly reliable  observations,  nearly  uniform.    The  general  strike  is 
about  N.  60*  E.  (magnetic),  and  the  dip  36*  to  the  south.     The  dip 
appears  to  be  a  little  greater  at  the  eastern  than  the  western  end  of 
the  range.    It  will  be  observed  that  the  dip  and  strike  do  not  diflfer 
materially  from  those  of  the  above  mentioned  slates.    Owing  to  the 
vast  deposits  of  drift  in  this  vicinity,  the  croppings  of  the  formation 
can  not  be  traced  at  most  more  than  three  or  four  miles  in  a  north 
and  south  direction,  anywhere  along  the  entire  length  of  the  range, 
which  is  about  thirty  miles.     Southward  from  the  Copper  Kange  for 
a  distance  of  nearly  twenty  miles,  the  drift  effectually  conceals  all 
underlying  strata  from  view.     On  Moose  river,  in  the  northern  part 
of  township  44,  Keweenawan  rocks  again  make  their  appearance,  and 
are  overlaid  by  conglomerates  and  sandstone,  all  dipping  about  18  *  in 
a  southward  direction,  and  trending  N.  55*  E.    On  the  St.  Croix 
river,  in  townships  42,  43  and  44,  there  is  a  bed  of  reddish  sandstone, 
which  directly  overlies  the  above  mentioned  conglomerates  and  Kewee- 
nawan strata.    The  entire  thickness  of  conglomerates  and  sandstones 
is  about  9,000  feet.    The  dip  of  the  sandstones  is  about  14*  to  the 
southward,  the  strike  being  N.  65*  E.  (mg).    These  sandstones  crop 
out  in  Minnesota  on  Kettle  river,  sik  miles  above  the  falls  of  that 
stream.*    In  Wisconsin,  they  are  found  thirty-two  miles  north  of 
east  from  the  St  Croix  river,  in  Bayfield  county,  on  the  upper  waters 
of  White  river,'  again  on  White  river,  six  miles  south  of  Ashland, 
and  on  Bad  river  at  Leihy's  falls,  in  the  southern  part  of  township  47. 
On  White  river,  near  Ashland,  the  exposed  thickness  is  but  a  few 
hundred  feet,  and  the  dip  25**  southward.    On  Bad  river,  the  exposed 
bed  shows  a  thickness  of  2,000  feet,  and  dips  38  °  in  a  southerly  direc- 
tion.   The  dip,  then,  of  the  southward  inclining  strata,  like  that  of  the 
northward  dipping  formations  in  northern  Wisconsin,  decreases  in 
fclhwing  the  strike  from  east  to  west.    The  decrease,  however,  is  not 
so  great  on  the  north  as  on  the  south.    This  not  only  is  proven  from 
actual  observation,  but  is  in  entire  accordance  with  and  explains  the 
relative  widths  of  the  belts  in  northwestern  Wisconsin,  occupied  by 
the  northward  and  southward  dipping  formations. 

Lying  between  the  Douglas  county  Copper  Kange  and  Lake  Supe- 
rior and  skirting  the  lake  shore  nearly  as  far  as  Ashland,  lying  at  the 

>  See  Owen*t  Geol.  Sonrey  of  Wivconiln,  Iowa  and  MlnnesoU. 
•  Owen,  in  an  old  execntire  docoment 
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base  of  the  Apostle  Islands,  are  the  horizontal  reddish  sandstones, 
known  as  the  Loike  Superior  sandstone.  These  occupy  a  narrow  belt 
in  the  vicinity  of  the  lake  shore,  are  found  in  contact  with,  and  are 
unconformable  to,  the  cupriferous  series  of  Douglas  county,  and  the 
slates  of  the  St.  Louis  river.  On  account  of  the  drift  they  are  seldom 
or  never  seen,  except  along  a  few  of  the  streams,  or  on  the  lake  shore. 
After  the  laying  down  of  these  sandstones,  which  were  formed,  cer- 
tainly at  latest,  during  the  early  commencement  of  the  Silurian,  they 
are  not  positively  known  to  have  been  covered  by  later  deposits  until 
the  period  of  the  glacial  drift.  They  were  therefore  subject,  with  the 
previous  formations,  for  a  very  long  space  of  time,  to  eroding  influ- 
ences. 

During  the  period  of  the  Glacial  Drift  this  district  was  subjected 
to  powerful  glacial  action.  The  deposits  of  clay,  sand,  gravel  and 
boulders  have  a  thickness  of  several  hundred  feet,  and  cover  almost 
the  entire  country.  There  are  also  evidences  of  the  former  existence 
of  great  streams  of  water  flowing  from  the  melting  or  retreating  gla- 
cier. Much  additional  information  will  be  found  upon  this,  and  other 
points  above  referred  to,  under  the  proper  subjects,  in  the  succeeding 
pages  of  this  report  A  reference  to  Plate  XXXIV  of  this  volume 
will  give  a  clear  idea  of  the  general  geological  structure  of  the  dis- 
trict. A  glance  at  the  following  table  will  readily  serve  to  convey  a 
definite  impression  in  regard  to  the  order  of  the  geological  formations 
of  the  "Western  Lake  Superior  district: 

'  Recent.         —  River,  lake  and  swamp  deposits. 
Champlain.  —  Stratified,  red  marly  clay,  and  sands. 


.  QUATEENARY. 


Glacial. 


Lower  Silu-  J  Probably 


BIAN. 


1 


Potsdam. 


{ 


Abch^an. 


Keioeenaw^ 
or  Copper- 
B  ear%ng 
Series. 


Suronian. 


—  Boulders,  gravel,  sand  and  clay,  200 
to  500  feet. 

Lake  Superior  red  sandstone,  having 
a  known  thickness  of  400  to  600 
feet,  and  probably  much  greater. 

Detrital  strata,  consisting  of  con- 
glomerates, breccias,  sandstones 
and  shales,  mainly  overlying  mel- 
aphyr,  etc.,  having  a  south  dip 
and  maximum  thickness  of  9,000 
feet. 

Eruptive  strata  —  consisting  of  mela- 
phyr,  diabase,  porphyry,  gabbro, 
etc.,  having  a  south  dip,  and  appar- 
ent  maximum  thickness  of  over 
36,000  feet. 

Quartzites,  silicious  and  chloritic 
slates.  Along  the  St.  Louis  river, 
many  thousand  feet  thick. 
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The  Hnronian  Slates  of  the  St.  Louis  Biyer.  These  slates, 
althoagh  withont  my  district,  and  indeed  beyond  the  limits  of  Wis- 
consin, are  nevertheless  so  close  to  it,  and  so  intimately  connected 
geologically  with  the  adjacent  Wisconsin  formations,  that  a  complete 
understanding  of  the  relations  of  the  latter  seems  to  require  at  least  a 
hasty  description.  These  slates  are  referred  to  the  Huronian  for  sev- 
eral reasons,  among  which  are  the  following:  They  apparently  occupy 
the  same  stratigraphical  relations  to  the  Keweenawan  formation  as 
the  undoubted  Huronian  in  Ashland  county;  that  is,  they  underlie  it. 
There  are  numerous  dykes  near  the  slate  quarries  at  Tliompson,  and 
particularly  at  the  junction,  of  from  ten  to  one  hundred  feet  in  width, 
which  cut  the  slates,  and  consist  of  precisely  the  same  rock  as  that 
found  at  the  base  of  the  Copper-bearing  Series  in  Ashland  county.  I 
regard  these  dykes  as  small  branches,  or  ramifications,  from  the  main 
mass  of  Keweenawan  gabbro.  If  such  is  the  case,  they  of  course  not 
only  show  the  slates  to  be  more  ancient,  but  go  far  towards  proving 
the  eruptive  origin  of  the  Keweenawan  massive  rocks.  The  slates  are 
certainly  older  than  the  Lake  Superior  red  sandstones,  for  half  a  mile 
below  Greeley,  conglomerate  and  red  sandstone  unconformably  overlie 
them.  Finally,  their  lithological  characters  are  typically  Jluronian. 
No  considerable  thickness  of  silicious  slates  and  quartzites  is  known 
in  the  region  of  the  great  lakes,  which  is  referable  to  either  the  Lau- 
rentian  or  Keweenawan.  There  is  very  little  danger  of  error,  then,  in 
assigning  them  to  the  Huronian. 

Local  details.  At  a  small  town,  called  Junction,  on  Stations  1  and  12,  T.  48,  R.  17 
W.,  the  Huronian  rockg  are  very  largely  exposed.  Some  of  the  layers  are  harder  than 
others,  and  have  resisted  eroding  influences  much  better,  so  that  well  defined  ndges 
have  been  left  from  fifty  to  two  hundred  feet  in  width  and  often  a  mile  or  more  in 
length.  These  ridges  are  nearly  vertical  on  the  north,  but  slope  off  with  the  general 
dip  of  the  layers  to  the  south.  The  rock  at  this  place  consists  largely  of  chloriUc  schist, 
which  frequently  passes  into  a  chloro-siliceous  slate;  although  the  slaty  structure 
is  not  so  well  marked  here  as  a  couple  of  miles  to  the  east.  Veins  of  quarti, 
from  a  few  inches  to  several  feet  in  thickness,  are  found  occasionally  traveraing 
the  strata.  The  dykes  of  gabbro,  above  referred  to,  are  mainly  transverse  to  the 
bedding  of  the  slates,  and  are  nearly  vertical.  Then:  only  effect  on  the  slates 
seems  to  have  been  a  slightly  increased  degree  of  contortion  in  the  vicinity  of  the 
dykes.  All  of  the  slates,  in  fact,  are  much  more  contorted  at  this  locality  than  at 
Thompson.  The  surface  rock  in  the  dykes  is  always  considerably  decomposed,  and 
it  is  very  difficult  to  obtain  an  unaltered  specimen.  Weathering  changes  the  rock 
from  a  dark  greenish  black,  coarse  grained  mass,  to  a  brownish  yellow,  clayey  material, 
which  when  dry  crumbles  readily.  The  slates  weather  rather  light-colored.  The  strike 
of  the  formation  hero  is  N.  85"  E.,  and  the  dip  from  35'  to  40'  to  the  south.  The  lay- 
ers are  from  one  to  five  feet  in  thickness,  but  each  layer  is  cut  by  a  great  number  of  fine 
joints  into  thin  plates  of  slate.  These  joints,  which  form  the  plates  of  slate,  always 
have  the  same  strike  as  the  formation,  and  so  far  as  observed  make  an  angle  with  the 
upper  surface  of  the  kiyers  of  from  32'  to  3G'.    At  the  Junction  the  dip  of  the  joints  ii 
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from  69*  to  76*  S.    The  following  section,  taken  at  one  of  the  slate  quarries  near 
Thompson,  will  explain  the  system  of  bedding  and  jointing  of  all  the  St.  Louis  slates. 

At  Thompson  there  are  many  hundred  acres  of  the  Huronian  strata  entirely  exposed. 
As  at  the  Junction,  ridges,  owing  to  unequal  weathering,  are  of .  frequent  occurrence. 
Dykes  of  gabbro  are  also  often  seen  traversing  the  strata.  A  quarter  of  a  mile  north- 
east from  the  depot,  two  slate  quarries  have  been  quite  extensively  worked.  The  sec- 
tion below  was  taken  at  the  western  end  of  the  largest  quarry.  Here  the  strike  is  N.  86" 
E.,  and  dip  58"  S.  The  dip  of  the  slaty  joints  is  88'  N.  At  one  of  the  quarries,  about 
300  feet  of  the  bed  has  been  worked,  and  at  the  other  not  over  75  feet.  The  slate  here 
shows  less  contortion  than  that  observed  at  any  other  place  along  the  St.  Louis,  but 
it  is  nevertheless  considerably  warped,  so  much  so  as  to  render  it  unfit  for  anything 
except  roofing  slate,  and  that  would  have  to  be  selected  with  care.    It  was  owing  to  this 
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SvcnoN  AT  oini  of  the  Thompsott,  Minnesota,  Slate  Quarries. 
Liycra  of  rock  ttom  4  inchoa  to  6  feet  thick.    Plates  of  slate  A-om  1-16  to  1-4  inch  in  thickness. 


fact  that  the  quarries  were  several  years  ago  abandoned.  Some  of  the  inost  siliceous 
slates  contain  a  considerable  number  of  disseminated  crystals  of  iron  pyrites.  The  slates 
obtained  at  these  quarries  are  quite  dark  colored  and  of  medium  hardness.  A  short 
distance  both  north  and  south  of  the  quarries  there  are  beds  composed  of  lighter  colored 
and  more  siliceous  layers,  which  show  the  transverse  slaty  cleavage  somewhat  imper- 
fectly. These  beds  are  mainly  quartzite.  At  the  rapids,  near  the  center  of  Sec.  31,  T. 
49,  R.  16  W.,  which  was  as  far  as  I  could  ascend  the  stream,  the  beds  are  exposed  in 
heavy  layers,  having  the  same  strike,  dip  and  jointage  as  at  the  quarries. 

The  dalles  of  the  St.  Louis  commence  one-eighth  mile  above  the  railroad  bridge  at 
Thompson.  Just  above  the  bridge,  two  small  islands  cut  the  stream  into  three  chan- 
nels during  high  water,  which  unite  nearly  under  the  bridge.  At  the  bridge  the  caiion 
is  only  33  feet  wide,  and  the  walls  are  fully  75  feet  high.  On  these  cliffs  there  are  pot- 
holes and  evidences  of  former  channels,  which  prove  that  the  gorge  has  been  entirely 
excavated  by  the  eroding  action  of  running  water.  The  rock  here  is  lighter  colored  and 
more  talcose  than  at  the  quarries,  in  consequence  of  which,  of  course,  it  is  somewhat 
softer.  It,  however,  preserves  the  same  bedding  and  jointage  as  before.  About  one- 
half  mile  below  Thompson,  at  the  first  rapids,  the  strike  remains  N.  85"*  E.,  but  the  dip  is 
only  48'  S.,  and  the  sLity  joints  dip  80''  S.  Several  exposures  below  this  do  not  show 
any  unusual  petrographical  structure  or  stratigraphical  characters. 

Near  the  center  of  Sec.  11,  T.  48,  R.  16  W.,  not  quite  two  miles  from  the  northwest 
comer  of  the  state  of  Wisconsin,  conglomerates  begin  to  overlie  the  slates. 

The  very  round  pebbles  of  the  first  exposure  of  conglomerate  seen  in  descending  the 
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stream,  are  principally  white  quartz,  from  one-eighth  to  three  inches  in  diameter,  and 
the  matrix  iron  pyrites  with  a  little  red  sand.  The  bed  of  conglomerate  dips  8*,  S.  15" 
E.  Fifteen  or  twenty  rods  below  these  conglomerates,  there  is  another  ledge  of  nearly 
horizontal  conglomerate,  made  ap  of  quartz  and  greenish  slate  pebbles,  cemented  mainly 
by  sand,  and  abutting  against  greenish  chloritic  slates.  The  slates  trend  nearly  east 
and  west  and  dip  about  40**  S.  Several  small  veins  of  white  quartz  traverse  the  slates 
just  above  the  junction  of  the  slates  and  conglomerate.  There  is  no  doubt  that  this 
conglomerate  and  aU  overlying  the  slates,  was  formed  from  the  wearing  down  of  the 
Huronian  strata.  The  quartz  pebbles  came  from  the  veins  of  that  mineral,  cutting  the 
slates;  the  slate  pebbles  from  the  slate,  and  the  greenish  part  of  the  matrix  from  the 
chloritic  slates.  Keariy  two  hundred  feet  from  the  junction  of  slate  and  conglomerate, 
there  is  an  exposure  in  the  bank  of  the  river  at  a  height  of  twenty  feet,  of  a  dome-like 
protrusion  of  slate  five  feet  high,  covered  by  nearly  horizontal  conglomerate,  similar  to 
that  above  mentioned.  On  the  opposite,  or  south  side  of  the  stream,  the  conglomerate 
is  overlaid  by  twenty  or  thirty  feet  of  Lake  Superior  red  sandstone.  The  omglomerate 
grades  upward  into  the  sandstone.  On  the  north  side  of  the  stream,  an  eighth  of  a 
mile  below  this,  at  the  last  exposure  of  the  slates,  there  are  several  outcrops  of  conglom- 
erate, which  become  much  finer  in  descending  the  river,  and  are  overlaid  by  greenish 
and  reddish  shales  and  red  sandstone.  The  conglomej:ate  dips  from  5**  to  10*  S.  It 
doubtless  owes  this  dip  to  its  origmal  deposition  on  the  inclined  surface  of  the  south- 
ward dipping  slates.  One  of  the  last  conglomerate  exposures  is  largely  made  up  of 
iron  pyrites  as  the  matrix.  This  has  been  prospected  to  some  extent  for  gold.  It  is 
said  that  traces  have  been  found.  It  is  also  said  that  the  sktes  on  the  Blackhoof  creek, 
in  about  the  southwest  comer  of  T.  48,  R.  17  W.,  have  been  prospected  for  gold. 


THE  CUPPER-BEARING  SERIES. 

The  rocks  which  are  regarded  as  making  up  the  Copper-bearing  or 
Keweenawan  Series,  consist  of  two  classes,  widely  distinct  in  character. 
The  one,  including  mainly  the  lower  and  oldest  member  of  the  for- 
mation, consists  of  eruptive  diabase,  melaphyr  and  allied  rocks,  show- 
ing a  distinct  stratification  and  having  a  thickness  of  many  thousand 
feet.  The  other,  and  mainly  younger  class,  includes  conglomerate, 
sandstone  and  slate.  The  latter  embrace  a  thickness  on  the  Moose 
and  St.  Croix  rivers  of  nearly  9,000  feet,  including  one  or  more  thin 
beds  of  eruptive  rock,  and  are  conformably  associated  with  the  crys- 
talline or  Keweenawan  rocks.  They  show  definitely  that  they  origi- 
nated from  the  wearing  down  of  the  underlying  strata,  and  were  de- 
posited previous  to  the  tilting  of  the  latter. 

The  eruptiT©  rocks,  with  a  southward  dip,  cover  about  1,100 
square  miles,  in  Douglas  and  Bayfield  counties.  They  are  separated 
from  Lake  Sni>erior  by  a  belt  of  horizontal  reddish  sandstone,  from 
five  to  ten  miles  wide.  The  line  of  junction  on  the  north  is  some- 
what curved,  but  in  the  main  pursues  an  E.  N.  E.  course,  nearly  par- 
allel with  the  strike  of  the  crystalline  strata.  At  no  point  has  the 
absolute  undisturbed  contact  been  observed.  Most  of  the  northward 
flowing  streams  in  Douglas  county,  leave  the  crystalline  area  and  Bn 
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ter  upon  the  sandstone  district  tlirongh  deep  gorges  and  in  wild  and 
precipitous  falls.  In  the  walls  of  these  gorges  both  formations  are 
nsnally  beautifully  exposed,  but  the  sandstone,  for  a  distance  of  from 
twenty  to  three  or  four  hundred  feet  from  where  we  would  expect  to 
find  the  point  of  contact,  has  evidently  been  affected  by  some  great 
lateral  pressure,  for  we  find  the  layers  broken  into  short  lengths,  and 
tilted  at  various  angles,  generally  to  the  northwest  or  from  the  line  of 
strike  of  the  crystalline  rocks.  In  following  down  the  stream,  the 
sandstone  layers  in  the  walls  of  the  gorge  gradually  show  the  effects 
of  less  disturbing  influences,  and  finally  assume  horizontality  and 
regular  bedding.  On  Middle  river,  the  original  lines  of  deposition 
have  be,en  entirely  obliterated,  and  the  very  argillaceous  sandstone 
transformed  into  a  transverse  cleaving  slate,  somewhat  micaceous. 
Figs.  2,  5  and  6  more  fully  explain  the  condition  of  the  sandstone. 
The  pressure  necessary  to  cause  this  effect  might  have,  and  probably 
did,  come  from  a  slight  northward  movement,  of  the  eruptive  and 
deep  seated  strata,  against  the  horizontal  sandstones. 

That  the  Keweenawan  eruptive  rocks  are  hedded^  in  a  certain  sense, 
there  can  be  no  doubt.  The  dip  and  strike  are  very  persistent,  and, 
indeed,  quite  uniform.  They  can  be  determined  at  almost  any  local- 
ity, where  the  rocks  are  exposed,  with  but  little  diflSculty.  The  layers 
are  very  seldom  less  than  a  foot  or  two  in  thickness;  more  often  they 
are  many  feet  thick,  and  give  the  exposure  an  unstratified  appearance. 
Owing  to  a  great  inequality  in  the  hardness  of  the  different  beds,  the 
softest  have  been  eroded,  and  the  hardest  and  firmest  have  remained; 
and  now  outcrop  in  the  form  of  bare  ridges  of  rock.  These  ridge-like 
exposures  are  very  prominent  and  characteristic  between  Black  river 
falls  and  the  Aminicon  river.  They  appear  to  arise  directly  from 
the  soil,  like  a  great  stone  wall,  and,  at  least  in  one  or  two  instances, 
pass  across  the  country  for  a  mile  or  more  in  an  almost  straight  line, 
with  a  height  of  30  or  40  feet,  and  a  thickness  of  50  to  100  feet 
Other  ridges  vary  in  length  from  a  few  feet  to  a  quarter  of  a  mile  or 
more.  On  the  north,  the  face  of  each  ridge  is  usually  precipitous  and 
somewhat  jagged,  owing  to  the  exposure  of  the  edge  of  the  layers. 
The  south  side  descends  to  the  soil  with  the  inclination  of  the  bed- 
ding. Ordinarily,  the  dip  is  readily  obtained,  and  the  trend  of  the 
ridges  is  usually  the  strike  of  the  formation.  East  of  the  Aminicon, 
the  wall-like  exposures  are  less  prominent. 

The  IttJwlogicaU  characters  of  the  eruptive  rocks  are  subject  to 

'The  lithology  of  thesa  rocks  has  been  very  little  discussad  in  this  report,  for  the 
reason  that  a  complete  suite  of  Douglas  county  specimens  was  sent  in  the  spring  of 
1877,  for  microscopical  examination,  to  Prof.  R.  Pumpclly,  the  eminent  authority  upon 
Vol.  til- 22 
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considerable  variation,  and  still  are  entirely  distinct  from  all  other 
rocks  that  occur  in  the  region.  They  may  all  be  arranged  under  sev- 
eral groups  in  one  great  class.  So  far  as  I  have  determined,  they 
are  all  basic;  that  is,  they  are  poor  in  silica,  the  content  of  that  acid 
being  nearly  always  less  than  60,  and,  usually,  even  less  than  50  per 
cent.  They  may  all  be  included  under  the  generic  term  of  diabaee,* 
except  some  reddish  felsitic  porphyries,  whose  eruptive  nature  is  a 
matter  of  question.  By  far  the  most  common  rock  is  a  greenish, 
dark-gray  diabase.  Near  the  sandstones  on  the  north,  this  rock  often 
has  an  amygdaloidal  structure.  There  are  also  beds  or  layers  of 
amygdaloidal  diabase  1,000  or  2,000  feet  south  of  the  sandstones. 
The  amygdules  are  usually  either  epidote,  prehnite  or  chlorite.  A 
less  common  rock,  but  one  forming  massive  beds,  is  a  fine-grained, 
nearly  black  kind,  having  a  marked  conchoidal  fracture,  and  differing 
much  from  the  ordinary  diabase  (Pumpelly's  "ashbed  type"). 
Coarse-grained,  red-and-black-mottled  basic  rocks  (gabbro)  also  occur. 
Felsitic  porphyry  has  been  seen  only  on  Black  river. 

South  of  the  "  Copper  Eange  "  of  Douglas  county,  for  a  distance  of 
fifteen  miles,  the  eruptive  strata  are  almost  universally  buried  beneath 
the  vast  deposits  of  quaternary  material,  which  are  found  nearly 
everywhere  in  the  district  In  all  of  this  area,  which  is  mainly  oov- 
ered  by  swamps,  I  have  not  seen  an  exposure.  I  have  been  informed 
that  there  are  about  three  exposures  of  Keweenawan  crystalline  rocks 
in  these  swamps.  But  as  Mr.  Stuntz  and  one  or  two  other  well  in- 
formed persons,  who  gave  me  this  information,  were  unable  to  place 
the  outcrops  nearer  than  the  township,  il;  seemed  unadvisable  to  waste 
time  in  searching  for  them.  Along  Moose  river,  in  the  northern  part 
of  township  44,  southward-dipping  eruptive  strata,  overlaid  by  con- 
glomerates and  coarse-grained  sandstone,  are  quite  largely  exposed. 
The  dip  is  18*,  and  the  strike  N.  55*  E.  Other  exposures  are  also 
found  in  townships  43  and  44,  ranges  14  and  15  west.'  Assuming  that 
the  Keweenawan  rocks  occupy  the  swampy  area  between  the  "  Copper 
Eange  "  and  the  outcrops  on  Moose  river,  and  giving  them  an  average 
dip  of  20  •,  which  is  certainly  small,  we  find  that  they  have  a  thick- 

this  gabject  At  the  time  of  writing,  I  am  anaoquainted  with  Prof.  Pmnpelly*a  refolti, 
and  shall  have  to  leave  his  specific  names  to  be  inserted  by  other  hands.  EvefTthing 
given  here  of  a  lithological  nature  is  then  wholly  from  my  own  obeerratton,  except,  u 
already  said,  the  names  of  the  rocks  themselves.  The  emptive  rocks  of  this  distriot  lie 
often  ci7i>to-cry8talline  or  compact,  in  consequence  of  whidi  it  is  absolntdy  impoMible 
to  always  give  the  correct  name  without  the  use  of  the  micioecope. — E.  T.  S. 

'  See  Prof.  Pumpe1Iy*s  report,  p.  29  of  this  volume. 

*  For  details  in  regard  to  these  exposures,  and  also  those  at  the  Eaa  Claire  hikes,  see 
Mr.  Strong's  report 
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ness  of  over  36,000  feet  This  includes  certainly  one,  and  perhaps 
several,  beds  of  sandstone. 

The  only  economic  minerals  as  yet  discovered  in  these  rocks,  in 
the  "Westepit  liiJke  Superior  district,  are  metallic  copper  and  traces  of 
nickel  and  silver.  A  ^flnsiderable  sum  of  money  has  been  expended 
in  mining  and  prospecting  fbv  the  former.  Many  fine  specimens  and 
good  "prospects  "  have  been  founds  but  the  metal  has  not  been  dis- 
covered in  sufficient  quantities  to  constitute  mining  in  the  district  a 
permanent  industry.  Whether  or  not  it  will  be  found  in  such  quan- 
tities is  another  question.  The  geological  conditions  are  favorable 
for  its  occurrence.  The  formation  doubtless  covers  a  large  area,  but 
an  exceedingly  small  fraction  of  it  is  accessible  to  exploration,  on 
account  of  the  heavy  covering  of  drift  New  and  rich  localitiea  may 
yet  be  found.  However,  we  regard  the  expenditure  of  large  sums  of 
money  in  mining  in  the  region,  at  present,  as  investments  of  a  rather 
precarious  nature.  A  history  of  the  mines  and  other  information 
upon  this  subject  will  be  found  in  the  succeeding  pages. 

In  regard  to  the  aye  of  theCopper-learing  Series^  very  little  in  addi- 
tion to  the  suggestions  already  made  in  the  preceding  sections, 
remains  to  be  said.  From  their  relations  in  this  district,  we  can  only 
assert  that  they  are  more  ancient  than  the  Lake  Superior  red  sand- 
stones, for  where  the  latter  are  conglomeritic,  near  their  base  or  on  their 
sides,  the  pebbles  have  almost  invariably  been  derived  from  the 
former.  Again,  where  the  sandstones  are  perfectly  horizontal,  and 
approach,  in  that  condition^  the  dipping  crystalline  rocks,  within 
fifteen  or  twenty  feet,  we  may  assume  that  the  former  unconformably 
overlie  the  latter.  We  have  very  good  reasons,  as  shown  above,  for 
believing  that  the  slates  of  the  St.  Louis  river  are  Huronian,  and 
underlie  the  Keweenawan  system,  with  a  close  approach  to  con- 
formity. If  such  is  the  case,  then,  the  eruptive  and  sedimentary 
strata  of  the  Keweenawan  Series  were  formerly  spread  out  hortizon- 
tally  above  the  Huronian  system,  and  partook  with  them  of  the 
regional  disturbance,  at  a  period  previous  to  the  deposition  of  the 
Lake  Superior  red  sandstones,  when  all  of  the  beds  of  both  forma- 
tions were  tilted,  and  the  great  Lake  Superior  synclinal  formed.^ 

The  sandstones  of  the  Copper-bearing  Series,  having  a  southward 
dip,  overlie,  in  the  main,  the  eruptive  rocks,  though  to  some  extent 
interstratified  with  them.    They  are  found  on  Moose  river,  in  T.  44, 

>  See  Prof.  Irving'a  discussion  in  Part  I  of  this  volume.  Also  R.  D.  Irving,  on  "  Some 
Points  in  the  Geology  of  Northern  Wisconsin,"  Am.  Jour.  Sci.,  July,  1874,  and  Trans. 
Wis.  Acad.  ScL,  Vol.  II,  p.  107.  Also  Brooks  and  Pumpelly,  Am.  Jour.  Sd.,  June, 
1872. 
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R.  13  W.J  and  on  the  St.  Croix,  being  spread  out  over  a  horizontal 
distance  of  about  seven  miles,  and  trending  N.  54**  E.,  with  an  aver- 
age dip  of  14"  S.  They  are  also  found  in  Ashland  county  at  two 
points.  The  lower  portion  observed,  which  is  most  closely  associ- 
ated with  the  crystalline  strata,  is  made  up  of  conglomerate  and  coarse- 
grained sandstone,  the  pebbles  of  the  former  having  been  derived 
almost  entirely  from  the  underlying  rocks.  The  upper  portion,  which 
has  by  far  the  greatest  thickness,  consists  of  thin-bedded,  somewhat 
indurated,  fine-grained,  argillaceous,  red  sandstone.  Although  the 
observed  outcrops  of  these  sandstones  are  separated  by  considerable 
distances,  there  is  no  doubt,  owing  to  the  great  thickness  and  to  the 
uniformity  in  direction  of  dip  and  strike,  that  they  form  parts  of  the 
same  great  group  of  strata. 

Local  Details.  The  most  western  exposure  of  the  eruptive  rocks  of  the  Western 
Lake  Superior  district  that  I  have  seen,  is  a  short  dbtance  west  of  the  lower  falls  of 
Black  river.  It  is  said  by  Mr.  Fitzpatrick,  a  farmer  living  on  Sec.  35,  T.  48,  R.  16  W., 
that  exposures  of  this  rock  occur  near  his  house,  about  a  mile  west  of  the  Wisconsin 
state  line.  This  point,  it  will  be  observed,  is  not  only  at  a  considerable  distance  from 
the  range  of  Douglas  county,  but  is  quite  dose  to  the  Huronian  slates  of  the  St.  Louis 
river. 

Near  the  center  of  T.  46,  R.  15  W.,  commences  the  distinct  elevation,  or  broad  ridge, 
which  is  known  as  the  **  Copper  Range."  The  escarpment  on  the  north  is  very  much 
more  marked  than  on  the  south,  and  this  is  true  of  the  entire  rcnge,  which  extends  in  a 
more  or  less  broken  line,  about  N.  60  **  £.,  across  Douglas  county,  and  for  some  distance 
into  Bayfield  county.  Between  the  western  end  of  the  range  and  Black  river,  there  are 
only  two  or  three  exposures,  the  surface  being  covered  with  drift.  Two  small  creeks 
break  through  the  range,  and  show  inconsiderable  outcrops  of  the  crystalline  rocks, 
which  are  not  dissimilar  to  that  at  Black  River  Falls. 

The  lower  falls  of  Black  river  are  near  the  S.  E.  comer  of  Sec.  21,  T.  47,  R.  14  W. 
In  this  vicinity,  the  exposures  arc  the  largest  and  most  interesting  of  any  observed  in  the 
district.  Here  the  river  has  cut  a  gorge  through  the  ciystalline  rocks  of  the  Eeweenawan 
and  the  breccia  conglomerate  and  sandstone  of  the  Lower  Silurian,  to  a  depth 
varying  from  100  to  180  feet,  and  having  a  length  of  nearly  one-half  mile.  Along 
the  walb  of  the  gorge,  the  measures  are  most  beautifully  exposed,  but  great  dif- 
ficulty has  been  experienced  in  satisfactorily  making  out  their  relations.  An  inspec- 
tion of  figures  2,  3  and  4,  which  illustrate  the  occurrences  here,  will,  it  is 
thought,  serve  to  convey  a  better  idea  of  the  relations  of  the  exposures  in  thegoige, 
or  cafion,  than  a  minute  written  description  could  do.  At  the  head  of  the  rapids, 
which  extend  about  one  hundred  feet  above  the  falls,  a  dark-colored,  finegrained, 
hard  diabase  of  the  ashbed  type,  occurs.  Although  quite  indistinct,  it  appears 
to  have  a  bedded  structure.  At  the  immediate  head  of  the  falls,  this  is  succeeded 
by  red  felsitic  porphyry,  and  this,  again,  by  the  common  diabase.  The  third  bed, 
over  which  is  the  main  fall,  is  a  dark  gray,  fine-grained  diabase,  having  also  an  in- 
distinct bedding.  About  seventy-five  feet  above  the  foot  of  the  great  fall,  in  tiie 
left  or  west  wall  of  the  gorge  there  is  a  vertical  fissure  eight  inches  wide,  formed 
by  two  smaller  fissures  dipping  towards  each  other,  and  making  an  angle  of 
about  40  ^.  Owing  to  talus,  the  fissure  can  be  seen  only  a  distance  of  ten  or  fifteen 
feet.    It  is  filled  with  a  soft,  day-like  sandstone,    llie  walls  on  either  side  of  the 
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fissure  are  very  dark  colored, 
soft  and  anctuoas.  The 
rock  is  a  chloritic  alteration 
of  the  diabase. 

Just  above  the  bead  of 
a  small  fall,  near  the  foot  of 
the  great  fall,  a  fine-grained 
reddish  •  brown  diabase 
comes  in  which  is  frequently 
amygdaloidal.  The  dip  here 
is  46"  in  a  direction  about 
S.  20"  E.  This  extends  along 
the  wall  of  the  gorge  nearly 
800  ft.  and  gradually  grades 
on  the  west  side,  into  a  dia- 
base breccia.  The  transition, 
in  fact,  is  so  imperceptible, 
that  it  is  impossible  to  locate 
exactiy  the  point  at  which 
the  diabase  ceases  and  the 
breccia  commences.  This 
is  partially  owing  to  the 
fact,  that  both  diabase  and 
breccia  walls  are  considera- 
bly decomposed,  and  par- 
tially to  the  farther  fact  that 
the  breccia  contains  im- 
mense enclosed  masses  of 
the  diabase.  In  the  east 
wall  there  is  no  breccia. 
Near  the  southern  limit  of 
the  breccia  the  rock  consists 
almost  exclusively  of  angu- 
lar grains  and  masses  of  dia- 
base, while  in  the  north, 
there  is  a  notable  proportion 
of  reddish  sand,  which 
seems  to  be  the  matrix  or 
cementing  material.  Im- 
bedded in  the  face  of  the 
breccia  are  a  number  of 
highly  indurated  layers  of 
reddish  sandstone,  from 
four  to  fifty  feet  in  length, 
and  inclined  at  different 
angles,  some  of  them  being 
vertical.  About  fifty  feet 
above  the  stream,  and  near 
the  foot  of  a  perpendicular 
cliff  a  hundred  feet  high, 
are  two  of  these  layers  rest- 
ing together.  They  are  two 
feet  thick,  forty  feet  long, 
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straight,  and  dip  26"  to  the  N.  70"  W.  These  layers  are  really  quartzite.  They  have  a 
dark  brown  color,  coarse  granular  structure,  and  contain  a  few  disseminated  grains  of 
delessite. 

One  hundred  and  fifty  feet  from  the  breccia,  in  the  left  bank  of  the  stream,  there  is 
a  bed  of  conglomerate,  arising  directly  from  the  stream,  thirty  feet  in  thickness.  Inter- 
stratified  with  the  conglomerate  are  a  few  layers  of  sandy  shale.  The  dip  of  this  bed 
of  conglomerate  is  25*  in  a  direction  S.  20°  W.  The  dip,  however,  is  not  uniform.  For 
a  few  rods  down  the  stream,  it  is  20*,  and  twenty-five  feet  farther,  only  15*  in  the  same 
direction.  The  pebbles  are  from  one-half  an  inch  to  three  inches  in  diameter,  and  are 
principally  white  amorphous  quartz.  About  a  third  of  them  are  diabase,  much  more  an- 
gular than  the  quartz  pebbles,  some  are  sandstone,  and  a  few  are  themselves  conglomerate. 
The  matrls  is  red  sand.  On  the  east,  or  right  side,  of  the  stream,  there  is  also  a  bed  of 
conglomerate,  which  is  underlaid  by  thin  bedded  sandstone.  This  bed  dips  42*  to  the  N. 
10*  E.  The  following  figure  shows  the  positions  of  the  conglomerate,  sandstone,  and  dia- 
base beds.   In  this  conglomerate  bed  there  are  white  quartz,  gray  quartzite,  diabase  and 

sandstone  pebbles,  with 
reddish  sand  as  the  ce- 
menting material.  It 
forms  so  incoherent  a 
mass,  that  most  of  the 
pebbles  maybe  readily 
picked  out  with  the 
hand.  In  other  respects 
it  is  very  similar  to  the 
bed  on  the  west  side  of 
the  stream.  The  space 
above  the  conglomerate 
for  about  50  feet  is  cov- 
ered with  talus  which 
has  fallen  down  from 
SEcnoif  Acnoss  the  Ooroe  at  the  Loveb  Palls  of  Black  RxYEit.  the  nearly  vertical  cliff 
Scale,  100  feet  =  i  Inch.  of  diabase.    Many  hun- 

1.  Diabase.     2.  Conf^lomerate  and  fntcrstratifled  aandstone.    8.  Thin  dred  tons  wciirht  have 
bedded  and  shaJy  sandstone.    4.  Talus  and  unexposed.  .,     .  „      * 

recently  fallen  from  this 

diff".  All  of  the  fragments  are  very  small,  angular,  and  much  weathered.  Numerous 
stains  of  copper  carbonate  were  noticed  in  the  fragments.  The  dip  here  appears  to  be 
.%*  to  the  S.  E. 

On  the  opposite  side  of  the  stream  above  the  conglomerate  there  are  two  small  ex- 
posures of  shaly  sandstone.  The  upper  exposure  dips  20  *  to  the  S.  20  *  W.,  directly 
towards  a  diabase  cliff  only  fifty  feet  distant,  and  forty  feet  high.  Clinging  to  the  face 
of  the  cliff  are,  at  two  or  three  places,  patches  of  diabase  breccia,  a  foot  or  more  thick. 
Seventy-five  or  one  hundred  feet  northwest  from  the  cliff  of  diabase,  in  the  wall  of  the 
gorge,  dark-reddish  and  somewhat  indurated  sandstones  are  found.  The  layers  at  first 
are  broken  into  blocks  from  four  to  ten  feet  in  length,  and  are  inclined  at  various  angles, 
usually  to  the  N.  W.  Gradually  they  assume  more  and  more  of  a  distinctly  bedded 
structure,  and  finally,  in  the  distance  of  a  few  hundred  feet,  grade  into  regularly  bedded 
reddish  sandstone,  with  a  dip  of  only  4*  or  5*  to  the  N.  W.  The  nearly  horizontal 
sandstone  is  found  in  the  banks  of  the  stream  at  intervals  for  several  miles.  It  resem- 
bles in  all  respects  that  occurring  along  the  lake  shore  in  Bayfield  county  and  at  the  base 
of  the  Apostle  Islands.  In  the  east  wuU  of  the  gorge,  about  one  hundred  feet  north- 
west of  the  conglomerate,  there  is  a  perpendicular  ledge  of  the  sandstone  over  100  feet 
high.    The  layers  near  the  top  are  thin  and  shaly,  and  dip  30*  in  a  direction  N.  10  *  W. 
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Near  the  bottom,  the  layers  have  the  same  inclination,  but  are  coarse-grained  and  from 
six  to  eight  feet  in  thickness.  Scattered  throagh  the  layers  are  diabase  and  qaartz  peb- 
bles, an  inch  or  less  in  diameter.  Several  hundred  feet  still  further  along  the  gorge, 
the  layers  upon  this  side  gradually  become  nearly  horizontal,  and  are  often  interstrat- 
ified  with  yellowish  and  white  sandstone. 

To  explain  the  tilted  and  crushed  condition  of  the  sedimentary  beds,  it  is  only  neces- 
sary to  assume  that  great  pressure  should  have  existed  between  them  and  the  older 
eruptive  strata.  The  pressure  could  have  been  induced  by  a  downward  or  southward 
movement  of  the  sandstones,  or  by  an  upward  or  northward  slight  movement  on  the 
part  of  the  coppar-bearing  rocks.  The  latter  hdvag  very  deep-seated,  and  the  former, 
compared  to  them,  somewhat  superficial,  a  slight  upward  or  northward  movement  of  the 
deep-seated  strata,  would  produce  all  of  the  observed  phenomena.^  This  probably  is 
the  correct  explanation,  as  the  crushed  and  tilted  condition  is  not  limited  to  this  locality, 
but  occurs  wherever  the  horizontal  sandstDnes  and  cupriferous  strata  come  together. 

The  following  figure  (4)  is  intended  as  an  outline  map,  to  show  the  (horizontal)  sur- 
face distribution  of  the  diffirant  beds  of  rock,  exposed  in  the  waUs  of  the  gorge,  and 
occurring  for  a  short  distance  each  side  of  them.  On  the  surface  upon  either  side  of  the 
gorge,  of  course,  the  absolute  exposures  are  not  quite  as  extensive  as  represented: 

Fio.i. 


OUTLINS  SmUCTUBAL  HaP  OF  TUE  LOW8R  BlACK  EcTXB  FaLLS. 

Horizontal  scale,  430  feet=l  inch. 


type.     2.   Porphyry,  etc.     8.   Diabase.    4.  Breccia.     5.  Shaly  sandstone. 
Talus  and  nnczposcd.    8.  Broken  and  tilted  sandstone.   9.  Horizontal  sand- 


1.  Diabase,  a«hbed 
6.  Conglomerate.  7. 
stone. 

By  the  tortuous  course  of  the  stream,  the  Upper  Fall  of  Black  river  is  found  one  and 
a  half  miles  above  the  Lower  Fall.  Diabase  crops  out  in  low  ledges,  frequently  on 
either  side  of  the  very  rapid  current.  The  fall  is  near  the  east  quarter-post  of  Sec.  28, 
T.  47,  R.  14  W.  The  descent  is  31  feet  vertical,  over  a  layer  or  bed  of  diabase  dipping 
about  40*  to  the  S.  30  *  E.  One  hundred  feet  below  the  fall,  in  the  bank  of  the  river, 
amygdaloidal  diabase  occurs,  having  the  characteristic  greenish  color  from  the  presence  of 
epidote.  About  200  feet  above  the  fall  amygdaloid  again  comes  in.  This  is  the  most 
southern  exposure  found  on  Black  river. 

It  is  on  the  N.  E.  qr.  of  the  S.  E.  qr.  of  Sec.  28.  A  supposed  "  copper  vein  "  was  dis- 
covered here  in  1865  by  Capt.  Buchanan,  examined  and  reported  upon  by  Mr.  Clark,  of 
Superior,  for  Mr.  Dayton,  of  St.  Paul,  who  was  offered  $14,000  for  the  location  a  short 
time  afterwanh.  Bat  being  determined  to  "  prove  "  his  **  vein,"  he  employed  a  "  practi- 

>««eB.  D.  Irving,  on  "  Some  points  in  the  Qeologjof  Northern  Wisconsin,''  Trans.  Wis.  Acad. 
8cl.,  1874. 
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cal**  miner  LxmiMichigaii  to  blow  off  the"cap.*'  At  the  fint  blast  the  "cap**  wm  not 
only  removed,  bat  the  entire  ''vein*'  was  eradicated,  and  nothing  of  it  has  stnoe  been 
disoorered.  It  was  merely  a  very  small  impregnation.  Upon  the  discoreiyoCttie  deposit, 
it  is  said  that  a  number  of  fine  hand  specimens  of  native  copper  were  obtained,  and  the 
"  snr&ce  indications  **  were  excellent.  This  example  is  a  good  iUustration  of  the 
excitement  caused  in  the  region  a  few  yean  ago  by  the  disooyeiy  of  a  small  ansoant  ol 
metallic  copper  in  any  amygdaloidal  epidotic  rock.  The  conclusion  was  at  once 
assumed  that  an  immense  accumulation  of  m^tal  was  doae  at  hand,  and,  in  order  to 
expose  the  gigantic  vein,  it  was  only  necessary  to  blow  off  the  **cap ''  or  projecting 
rock  which  hid  it  from  view. 

Starting  off  in  a  northeasterly  direction  from  the  Lower  Falls  of  Black  river,  u  a  some- 
what broken  line  of  outcrops,  in  the  form  of  rounded  rock  ridges.  All  trend  in  a  moce 
or  less  N.  E.  and  S.  W.  direction;  and  vary  in  length  horn  a  few  feet  to  a  hnndnd 
yards.  Several  test  pits  have  been  sunk  upon,  and  in  the  immediate  vicinity  of  these 
exposures,  but  show  no  evidence  of  copper.  A  few  small  caldte  and  loumontite  veins 
were  noticed,  none  of  which  exceed  two  inches  across. 

At  Copper  creeks  the  Kewecnawan  beds  are  found  for  a  distance  of  nearly  one  mile 
along  the  channel  of  the  stream,  and  in  places  arise  to  the  height  of  about  one  hundred 
feet  above  it.  In  the  most  southern  outcrops,  the  predominating  rock  is  a  dark  colored 
diabase.  In  the  most  northern,  the  rock  is  usually  the  more  common  reddish  altered 
diabase.  Near  the  junction  of  the  forks  of  the  creek,  at  the  S.  E.  cor.  Sec  15,  T.  47, 
R.  14  W.,  the  most  extensive  mining  operations  which  have  been  undertaken  in  the 
district,  were  carried  on  during  several  years.  A  history  and  detailed  description  of  this 
and  other  mining  locations  will  be  found  in  a  subsequent  chapter  of  this  report.  From 
the  union  of  the  forks,  the  creek  has  a  tortuous  coarse  in  a  general  northwesteriy  direc- 
tion. It  passes  through  a  gorge  or  valley,  a  little  wider  than  the  cafion  of  Blade  river. 
The  rock  on  each  side,  for  a  quarter  of  a  mile,  is  dose  grained,  dark  reddish  gray  dia- 
base, which  frequently  rises  in  great,  smooth,  rounded  or  sloping  exposures,  to  (he 
height  of  from  100  to  135  feet  above  the  stream.  Along  the  stream  the  bedding  is 
quite  indistinct.  The  layers,  if  such  they  may  be  called,  are  often  fifty  or  sixty  feet  in 
thickness.  The  most  northern  exposure,  in  the  banks  of  the  stream,  is  on  the  west  or 
left  side,  and  slopes  from  the  creek  at  an  angle  of  SO""  or  40''  to  the  height  of  dO  feet 
The  rock  is  a  dark  gray  amygdaloidal  diabase,  which  readily  weathers  to  a  greasy-fed- 
ing,  soft  chloritic  rock.  It  breaks  into  small,  sharp  angular  pieces,  which  is  due  to  the 
almost  innumerable  small  seams  or  joints  traversing  the  rode  in  every  direction.  On 
the  north  of  this  exposure  there  is  a  gully,  about  fifteen  feet  across,  showing  nothing 
except  sand,  day,  and  loose  rocks  from  the  acUacent  diflb.  In  the  north  side  of  the 
gully,  there  are  short  layers  of  sandstone  having  a  high  dip  to  the  northwest  Imme- 
diately adjoining  them  is  a  diff  of  dark  reddish,  coarse-grained,  somewhat  indurated 
sandstone.  The  layers  are  broken  into  short  lengths,  and  dip  60^  to  the  northwest 
The  bedding  for  a  hundred  feet  is  not  well  marked,  and  for  several  hundred  fleet  still 
Luther  along  the  stream,  it  shows  distinct  evidences  of  having  at  some  time  been  sub- 
ject to  great  lateral  pressure,  for  the  layers  are  broken  into  lengths  of  from  two  to  ten 
feet  the  thickest  often  presenting  the  appearance  of  a  transverse  oonchoidal  bmime. 
Between  the  beds  are  frequently  thin  layers  of  fine-grained  white  sandstone,  some  por- 
tions of  which  have  been  manufactured  into  grindstones,  said  to  be  of  very  fine  qualitj. 
Many  of  the  reddish  layers  are  themsdves  mottled,  by  containing  spheres  of  white  sand- 
stone a  quarter  of  an  inch  or  more  in  diameter.  In  the  course  <A  a  few  hundred  feet 
the  broken  layers  gradually  assume  regular  and  undisturbed  bedding,  having  a  dip  ol 
only  4*  to  the  N.  W.  The  layers  are  from  one-half  inch  to  two  feet  thick,  often  finely 
cross-laminated,  and  freqqently  show  most  beautiful  ripple  marks.  They  are  also  finei 
grained,  and  of  a  much  lighter  red  color  than  the  broken  layers. 
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The  following  section  illustarates  the  relations  of  the  diabases  and  sandstones  in  the 
left  bank  of  the  creek.  On  the  opposite  side  they  are  not  exposed  together.  It  will  be 
observed  that  conglomerate  and  breccia  do  not  occur.  No  sandstones  were  observed 
in  the  vicinity  of  Copper  creek,  except  in  the  banks  of  the  stream. 


Pbofils  Skgtion  in  thb  Gobok  of  Coppsb  Cbbkk. 

Horizontal  scale,  8(KI  feet  =  1  Inch.    Vertical  Bcale,  100  feet  =  1  Inch. 

1.  Diabase.    2.  Talos.    8.  Broken  and  dipping  red  sandstone.    4.  Horizontal  red  sandstone. 

Some  time  was  occupied  in  attempting  to  construct  a  detailed  section  of  the  Ke- 
weenawan  rocks  at  this  point,  but  owing  to  the  infrequent  exposures  away  from  the 
creek  a  general  one  only  was  obtained.    The  beds  occur  in  the  following  order: 

1.  Starting  near  the  W.  quarter-post  of  Sec.  23,  the  uppermost  bed  exposed  consists  pre- 
dominatingly of  dark  colored  diabase.  The  rock  is  quite  fine-grained,  dai-k  colored, 
hard  and  slightly  influenced  from  the  action  of  the  weather.  Silica  content  of  a 
typical  specimen,  49.53.  Specific  gravity,  2.74.  Strike  N.  60"  E.  Dip,  40^*  S.  The  bed 
occupies  an  observed  horizontal  breadth  of  about  one  thousand  feet. 

2.  Much  altered  diabase-amygdaloids  are  the  type  of  this  bed.  They  decompose  very 
readily,  and  are  largely  exposed  at  the  junction  of  the  forks  near  the  N.  W.  cor.  of  Sec. 
23.  The  amygdules  are  prehnite,  calcite,  epidote  and  laumontite.  Small  veins  of  lau- 
montite  are  very  numerous  in  the  bed,  and  easily  decomposing,  materially  assist  in  the 
disintegration  of  the  rock.  It  is  upon  this  bed  that  the  mine  has  been  worked.  Copper 
is  found,  principally,  in  the  epidotic  amygdaloid.  The  bedding  is  indistinct  but  appears 
to  conform  with  the  underlying  bed.  The  bed  has  a  horizontal  breadth  of  500  feet  A 
somewhat  weathered  specimen  has  silica,  57.80.    Specific  gravity,  2.70. 

3.  Crypto-crystalline,  dark  gray  diabase  with  a  greenish  shade,  hard,  and  very  little 
weathered.  Silica,  59.89.  Gravity,  2.82.  This  forms  the  most  prominent  ridges  and 
rounded  exposures  in  the  vicinity.  Bedding  indistinct,  but  about  N.  55°  E.  for  the 
strike,  and  50**  S.  for  the  dip.    Horizontal  extent  of  bed  about  400  feet. 

4.  Amygdaloidal,  and  very  similar  to  No.  3.  Silica,  58.30.  Gravity,  2.73.  Strike, 
N.  55**  £.  Dip  ( ?)  S.  This  bed  has  a  breadth  of  about  300  feet,  and  on  the  north  joins  the 
sandstones,  as  explained  above.  About  a  quarter  of  a  mile  from  the  mining  location 
and  dose  to  the  Superior  and  Copper  creek  wagon  road,  thero  is  an  exposure  upon  bed 
No.  4,  which  has  been  prospected  for  **  nickel.'*  Upon  close  inspection  of  samples  col- 
lected from  this  locality,  I  was  able  to  detect  a  few  disseminated  grains  of  niccolite, 
often  called  nickel  from  its  pinkish  tint. 

Mr.  Barden,  of  Superior,  presented  me  with  a  small,  fine  specimen  taken  from  the 
locality  several  years  ago.  Thero  appears  to  be  d.  small  vein  here  of  quartz,  calcite  and 
orthoclase,  dipping  with  the  bedding  35*  to  the  S.  25*  E.  I  was  unable  to  find  niccolite 
in  the  vein  matter,  but  it  appears  to  occur  in  the  hanging  wall  of  amygdaloid. 

About  one  mile  northeast  from  the  mining  location  at  Copper  creek,  there  commences 
a  very  remarkable  exposure.  It  is  in  the  form  of  a  rock  ridge  or  great  wall  of  stone, 
almost  perfectly  straight,  nearly  a  mile  long,  forty  feet  high,  jagged  and  nearly  vertical 
on  the  north  side;  the  top,  for  considerable  distance,  as  smooth  and  level  as  a  sidewalk, 
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from  ien  to  thirty  feet  wide;  the  south  side,  even  and  sloping,  and  twenty  ot  thiiiy  feet 
above  the  soil.  The  rock  is  very  similar  to  that  of  beds  Nos.  3  and  4,  described  as  occur- 
ring at  Copper  Creek.  A  few  small  caldte  and  laumontite  veins  were  noticed.  The  ex- 
posure consists  merely  of  the  upper  edges  of  some  of  the  hard  layers*,  forming  one  of  the 
beds,  quite  capable  of  resisting  erosion.  The  jagged  appearance  on  the  north  is  owing 
to  rough  breaking  of  the  layers  which  protrude  in  that  direction.  The  trend  of  tbc 
ridge  is  N.  56*  E.,  which  is  exactly  the  direction  of  the  strike,  and  the  dip  is  86'  S. 

Passing  oif  from  the  eastern  end  of  this  exposure,  there  are  two  lines  of  similar,  bat 
much  smaller,  outcrops.  One  goes  nearly  east  to  the  Aminicon  liver  in  Sec  17,  where 
it  divides  into  two  or  three  general  lines,  the  individual  outcrops  lapping  past  each  other, 
and  each  preserving  its  trend  of  N.  55**  to  60'  E.  The  second  passes  northeasterly  across 
Sec.  12,  and  Sees.  7  and  8,  T.  47,  R.  13  W.  Here  the  exposures  are  not  numeioas,  bat 
are  in  nearly  a  stmight  line.  Most  of  them  are  in  the  form  of  short  ridges.  A  cnprif • 
erous  vein  is  said  to  have  been  found  on  the  southeast  quarter  of  Sec  12,  but  I  did  not 
see  it.  On  Sec  8,  upon  this  line  of  exposures,  is  the  Fond  du  Lac  mining  location,  and 
upon  Sec.  2,  the  Wisconsin  mine.  Drift  conceals  most  of  the  underlying  strata  in  this 
vicinity.  Upon  Sec.  1,  directly  southeast  from  the  Wisconsin  mine,  exposures  are  very 
numerous.  They  are  usually  short  and  ridge-like,  varying  in  length  from  a  few  feet  to 
an  eighth  of  a  mile;  in  width,  at  the  surface  of  the  drift,  from  ten  or  tvirenty  to  two 
hundred  feet,  and  in  height  from  ten  to  seventy-five  feet.  They  trend  from  20*  to  30* 
east  of  north;  somewhat  nearer  north,  it  will  be  observed,  than  those  a  few  miles  to  the 
west.  They  are  separated  from  each  other  by  drift-filled  valleys  from  100  to  700  feet 
wide.  A  short  distance  to  the  east  of  most  of  the  small  ridges  is  one  very  prominent 
ridge,  or  rather  mound-like  exposure,  several  hundred  feet  long  and  seventy-five  feet 
high.  The  northern  face  is  very  precipitous,  and  the  bedding  is  very  distinct.  The  dip 
is  30"*  to  the  S.  60°  E.  The  rock  is  dark-colored  and  closely  resembles  some  of  those  in 
the  southern  part  of  Ashland  county. 

Near  the  southeast  comer  of  Sec.  32,  T.  48,  R.  12  W.,  is  the  most  southern  expos- 
ure in  the  banks  of  the  Aminicon  river.  There  are  several  between  here  and  the 
crossing  of  the  Superior  and  Bayfield  post  road,  a  half  mile  below.  The  rod^  is  a 
coarse  grained  gabbro,  composed  of  red  and  stained  plagiodase,  a  gray  plagiodase,  and 
a  soft  greenish  altered  (chloritic)  diabase,  with  bright  shining  grains  of  magnetite.  Be- 
low the  bridge,  a  dark  colored,  coarse-grained  variety  occurs,  in  which  the  several  min- 
erals show  much  less  alteration.  These  rocks  are  subject  to  great  variation  and  sudden 
changes  in  texture,  and  degree  of  alteration.  Between  the  outcrops  of  the  above  de- 
scribed rocks  are  layers,  or  imbadded  masses  (I  am  not  able  to  state  in  all  cases  which), 
of  a  fine-grained  dark  rock  (ashbed  diabase).  Farther  down  the  stream  the  rock  be- 
comes fine-grained,  and  sometimes  compact.  Several  veins  of  calcite  were  observed  in 
a  compact  reddish  rock  of  unknown  constituents. 

Near  the  east  and  west  line,  running  between  sections  20  and  29,  is  the  junction  ot 
the  reddish  sandstones  with  the  crystalline  rocks.  For  twenty-five  feet  only  have  the 
sandstones  been  disturbed.  In  this  distance  they  are  broken  into  short  lengths,  and  dip 
northwest  from  the  crystalline  strata  at  angles  varying  from  60*  to  20*,  after  which  ihej 
become  horizontal  and  show  two  well  marked  systems  of  vertical  joints.  The  direction 
of  one  system  is  N.  GO"*  E.,  and  of  the  other  N.  and  S.  At  the  immediate  line  of  jonc- 
tion,  or  where  the  sandstone  is  removed  from  the  crystalline  rocks  but  a  very  few  inches, 
the  layers  of  sandstone  have  a  facing  of  fine  conglomerate,  from  a  few  inches  to  a  foot 
or  more  in  thickness.  The  pebbles  consist  of  quartz  and  melaphyr  or  diabase,  wbidi 
are  cemented  by  sand.  The  sandstone  layers  at  some  distance  from  the  junctioo  also 
contain  small  pebbles  of  the  adjacent  crystalline  rocks.  The  sandstone  layers  are  much 
softer  than  usual,  uniformly  reddish  in  color,  and  in  thickness  vary  from  one  to  tweofy- 
four  inches. 
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Between  the  Aminicon  and  Middle  rivers  there  are  very  few  exposures  of 
the  copper-bearing  rocks,  and  none  in  Sees.  33  and  34,  where  we  would 
expect  to  find  them.  The  countiy  is  somewhat  lower  than  the  remainder  of  the 
range,  and  covered  with  drift.  Near  the  center  of  Sec.  4,  T.  47,  R.  12  W.,  there 
are  two  small  exposures  of  fine-grained  blackish  diabase,  separated  by  a  few  rods  of 
drift  Similar  it)cks  are  again  visible  in  Sec.  3,  and  along  the  banks  of  Middle  river, 
for  about  a  mile  in  Sees.  2  and  35.  They  are  all  small  exposures.  In  Sec.  35,  tlie 
rock  is  often  porph3rritic.  A  perfect  network  of  minute  laumontite  veins  occurs  at  one 
or  two  locahties.  No  other  veins,  however,  were  observed.  In  searching  for  outcrops, 
several  places  were  found  in  Sees.  35,  25  and  23,  where  the  magnetic  needle  was 
subject  to  great  local  attraction. 

Near  the  south  line  of  Sec.  24,  T.  48,  R.  12  W.,  Middle  river  cuts  through  the 
northern  tace  of  the  range,  leaving  a  large  surface  of  the  rock  exposed.  On  the  south, 
the  stream  has  exposed  between  three  and  four  hundred  feet  of  a  dark  brown  diabase, 
being  in  places  somewhat  amygdaloidal.  This  outcrop  is  nowhere  more  than  25  feet  in 
height.  A  hundred  yards  northwest  from  it,  in  the  left  bank  of  the  stream,  is  an 
exposure  of  soft,  dark  reddish,  much  altered  and  decomposed  diabase-amygdaloid,  car- 
rying numerous  small  veins  or  "  strings  "  of  laumontite  and  calcite.  This  rock  weath- 
ers easily,  and  is  rapidly  crumbling  away.  It  is  very  similar  to  that  described  as 
occurring  at  the  forks  of  Copper  creek.  Some  of  the  small  veins  of  calcite  were  noticed 
stained  with  copper  carbonate.  This  rock  is  found  along  the  stream  for  200  feet,  is 
about  50  feet  in  height,  and  is  very  indistinctly  bedded.  On  the  north,  it  is  separated 
from  a  southward  dipping  and  shaly  rock  by  a  gully  30  feet  across.  The  following 
section  illustrates  the  relative  positions  of  the  Eeweenawan  rocks,  shales  and  sandstones; 
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Fbofile  SEcnoH  aloko  th»  Wbbt  Bakk  of  Mii>»lb  Itiviii. 
Horizontal  icale,  400  ftet=l  inch.    Vortical  scale,  60  fect=l  Inch. 
1   Dlabafc     2  Talui  and  unexposed.    8.  Mlcaceoas  and  siliceous  slates  and  ihalci.    4.  Layers 
of  ;^«wiitone  haWn^  «laty  cleavage.    B.  Horizontal  red  sandstone. 

Nothing  can  demonstrate  more  conclusively  the  former  existence  of  great  pressure 
against  the  sandstone,  than  does  this  exposure.  Near  the  ciystalUne  rock,  the  bedding 
has  been  entirely  obUterated,  and  the  outcrop  presents  tlie  appearance  of  a  bed  of  shale 
dipping  79  «  to  the  S.  20*  E.  The  layers  are  from  one-sixteenth  of  an  inch  to  an  mch 
in  thickness.  All  of  them  contain  flakes  of  mica,  and  the  most  of  the  layers  are  red- 
dish colored.  But  thin,  hard,  light-colored,  slaty  layers  occur  between  the  reddish, 
shaly  layers.  In  the  course  of  75  feet,  the  exposure  begins  to  show  evidences  of  hon- 
aontai  bedding  with  a  transverse  slaty  cleavage,  as  shown  m  the  cut.  Beyond  this,  ihe 
layers  are  broken  and  dip  somewhat,  and  only  one  or  two  of  them  show  the  slaty  cleav- 
age  After  another  bed  of  slate  and  shale,  as  shown,  and  attempts  at  slaty  cleavage, 
the  rock  becomes  evenly  bedded  and  horizontal.  It  is  fine-grained,  and  more  alumi- 
nous  than  is  usud  with  the  Lake  Superior  sandstones.  There  are  no  conglomerates, 
breccias  or  thick  layers  of  coarse  sandstone  seen  in  the  vicinity. 

Eastward  from  Middle  river,  neither  the  copper-baaring  rooks  nor  sandstones  are  ex- 
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posed  for  a  distance  of  about  seven  miles.  Between  Middle  river  and  the  high  gromKl 
locally  known  as  the  Brul6  range,  the  countiy  is  quite  level,  somewhat  gwampy,  and 
has  an  elevation  of  about  400  feet.  The  Brul6  range,  commencing  in  T.  47,  R.  11  W., 
attains  an  altitude  on  the  broad  summit  of  about  540  feet  Towards  the  wettem  end 
are  two  or  three  small  exposures  of  fine-grained,  dark  gray  diabase.  On  Sec  29,  T.  48. 
R.  10  W.,  is  an  exposure  of  diabase,  fine  conglomerate  and  sandstone,  very  similar  to 
that  described  as  occurring  on  the  Aminicon  river.  On  the  northeast  quarter  of  Sec  28, 
at  the  falls  of  a  small  stream,  is  an  exposure  of  dark  gray  amygdaloidal  diabase,  a  few 
feet  in  height  and  ten  or  twelve  yards  long.  A  test  pit  was  sunk  here  on  what  appears 
to  be  a  small  quartz  and  epidote  vein  bearing  altered  amygdaloid,  by  the  North  Amer- 
ican Fur  Ck)mpany,  in  1847.  A  small  quantity  of  iron  pyrites  and  copper  carbonate 
were  observed  with  the  debris.    The  dip  here  is  37',  S.  40°  E. 

No  exposures  are  found  from  here  to  the  Percival  mining  location,  a  mile  to  the  east 
At  this  location  the  natural  exposures  are  small  and  few  in  number,  but  the  underlying 
rock  is  lightly  covered  with  drift  which  may  easily  be  removed.  The  rock  is  uraally  a 
dark  greenish  gray  amygdaloidal  diabase,  carrying  in  places  shot  and  nugget  oop- 
per.  The  bedding  is  not  very  distinct.  At  the  wagon  bridge  acn^s  the  Brul6,  on  Sec 
28,  and  occasionally  along  the  banks  of  the  stream  for  a  half  mile  below,  there  outcrop 
low  ledges  of  a  dark  colored  amygdaloidal  diabase.  A  quarter  of  a  mile  below  these 
exposures  there  are  low  ledges  of  nearly  horizontal,  reddish,  heavily  bedded  sandstone, 
in  the  banks  of  the  stream.  Similar  sandstones  are  found  along  the  banks  and  in  the 
channel,  forming  numerous  rapids  nearly  to  the  mouth  of  the  river.  No  exposures  were 
found  on  the  steep  sides  of  the  valley,  although,  in  the  vicinity  of  the  sandstones  and 
crystalline  rocks,  it  is  over  200  feet  deep,  and  not  a  half  milo  across  from  summit  to 
summit  On  the  northeast  quarter  of  Sec  23,  a  short  distance  north  of  the  Bayfield 
load,  there  is  a  very  prominent  and  high  exposure,  forming  the  western  end  of  that 
portion  of  the  range  east  of  the  Brule  river.  The  summit  of  the  bare,  bald  diff,  is  301 
feet  above  the  bridge  across  the  stream  at  its  foot,  or  553  feet  above  Lake  Superior. 
From  here  a  most  beautiful  view  of  the  countiy  to  the  north,  east  and  west  m^y  be 
had.  Duluth  and  the  whole  western  end  of  the  lake  are  in  plain  sight  from  this  point 
On  the  north,  the  diff  has  a  very  vertical,  jagged  face  of  sixty  feet  The  dip  is  35**  S., 
and  the  strike  N.  55°  E.  A  short  distance  to  the  south  of  this  diff  are  two  other 
rounded  knobs  of  bore  rock  at  elevations  a  few  f aet  less  than  this.  The  rock  upon  the 
three  exposures  is  quite  uniform,  and  consists  of  a  dark  reddish,  fine  grained  to  compact 
amygdaloidal  diabase,  the  filled  cavities  containing  usually  prehnite;  and  the  empty 
ones  being  studded  with  either  chlorite,  epidote  or  quartz  crystals.  Upon  the  mort 
southern  knob  at  one  place  there  are  some  indistinct  evidenc3s  of  an  epidotic  '*  bed.** 

Passing  off  from  the  northern  and  highest  knob  or  exposure,  in  a  northeasteriy  direc- 
tion, is  the  drift  covered  summit  of  the  range,  from  five  to  ten  yards  wide.  Sevenl 
small  outerops  occur  in  the  distance  of  a  half  mile,  and  the  '*  ridge ''  descends  eighty 
feet  to  the  surface  of  the  surrounding  country  or  broad  top  of  the  range.  East  of  here, 
but  a  single  exposure  of  the  copper-bearing  rocks  has  been  found;  a  small  outcrop  on 
Sec.  10,  in  the  valley  of  Iron  river. 

From  the  altitudes,  trend,  and  general  appearance  of  the  ridges  or  abrupt  elevatiou 
to  the  south,  a  few  miles  from  the  lake  shore,  in  Bayfield  county,  we  should  expect  to 
find  crystalline  rock  exposures,  occasionally,  as  in  Douglas  county.  The  streams  are 
numerous,  and,  like  those  to  the  west,  cut  deep  and  narrow  valleys  through  the  drift 
near  the  abrupt  ascent  of  the  country  to  the  south,  and  nearly  all  expose  small  ledges  of 
horizontal,  reddish  Lake  Superior  sandstone,  but  none  of  them  appear  to  have  uncovered 
the  Keweenawan  rocks.  In  the  southwest  part  of  T.  50,  R.  7  W.,  between  Frog  and 
Cranberry  rivers,  there  is  a  ridge  having  an  altitude  of  over  409  feet  and  cotered  with 
many  large  angular  boulders  of  diabase  and  other  Keweenawan  eruptive  rocks.    It  pre- 
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senta  a  striking  resemblance  to  the  range,  a  short  distance  west  of  the  Brule  river.  On 
the  northeast  quarter  of  Sec.  20,  T.  50,  R.  6  W.,  a  few  rods  north  of  the  shore  of  Sis- 
kowit  lake,  there  is  a  flat  circular  boulder  of  brecciated  conglomerate,  eighteen  feet  in 
diameter.  A  few  of  the  angular  and  some  of  the  round  pebbles  are  diabase,  but  the 
most  of  them  are  felsitic  porphyry.  The  matrix  is  reddish  sand.  The  boulder  is  evi- 
dentiy  stratified,  and,  as  it  lies,  has  an  inclination  of  20**  S.  Owing  to  the  frail  nature  of 
the  rode,  it  probably  never  traveled  any  considerable  distance.  This  is  one  of  the 
uomeroos  so-called  outcrops  of  crystalline  rocks  to  which  I  was  directed  by  some  of  the 
citizens  of  Bayfield.  Others  were  found  to  be  large  boulders,  trains  of  boulders,  or 
ledges  of  sandstone. 

In  an  executive  document  previously  referred  to,  Owen  reports  the  Eeweenawan 
eruptive  rocks  in  the  banks  of  the  Brule  river,  near  the  mouth  of  the  Nebagamain. 
I  scorched  in  that  vicinity  three  days,  and,  although  many  laige  boulders  were 
frequently  seen,  no  rock  in  place  was  observed.  If  exposures  occur  anywhere 
in  the  vicinity  of  the  Brul6  south  of  the  Copper  Range,  or  in  townships  45  or  46,  Doug- 
las or  Bayfield  counties,  they  are  exceedingly  rare.  Mr.  Stuntz  and  the  surveyor  of 
Douglas  county  have  told  me  that  there  is  a  small  ledge,  about  the  center  of  T.  46,  R. 
15  W.,  from  which  small  specimens  of  native  copper  have  been  taken.  In  townships 
43  and  44,  ranges  14  and  15,  there  are  said  to  be  numerous  exposures  of  southward 
dipping  copper-bearing  rocks.  Mr.  Strong  was  in  this  region,  and  he  doubtless  ob- 
tained details  in  regard  to  them.  In  the  banks  and  channel  of  Moose  river,  on  Sec.  2, 
T.  4i,  R.  13  W.,  there  are  low  ledges  of  melaphyrs  and  diabases,  dippmg  18°,  S.  35°  E. 
lliese  are  conformably  overlaid  by  fine  conglomerates  and  coarse  sandstones.  The  peb- 
bles of  the  conglomerate  have  nearly  all  been  directly  derived  from  the  underlying  crys- 
talline rocks,  and  are  held  together  by  a  coarse  red,  sandy  matrix.  None  of  the  very 
coarse  or  boulder  conglomerates  noticed  on  the  northward  dipping  belt,  in  Ashland 
county,  and  on  the  St.  Croix  river,  were  observed  here.  In  following  Moose  river  south- 
ward, towards  its  mouth  several  small  exposures  of  the  fine  conglomerate  were  seen, 
but  it  apparently  has  no  great  thickness,  for  it  soon  grades  with  coarse  reddish  sand- 
stone, and  that  finally,  after  reaching  the  St.  Croix,  into  quite  fine-grained,  red  sand- 
stone, often  somewhat  argillaceous. 

The  most  northern  exposure  of  this  sandstone  on  the  St.  Croix,  is  at  the  head  of  a 
small  lake  about  a  mile  above  the  mouth  of  Moose  river.  The  outcrop  is  in  the  east  bank. 
The  layers  are  hard  and  thin,  and  contain  many  red  argillaceous  spots.  Indurated 
smooth  slabs  come  out  readily.  A  few  of  the  layers  are  finely  ripple  marked.  The 
strike  is  N.  53**  E.,  and  the  dip  14°  S.  This  place  is  a  short  distance  below  Chasers  dam 
on  Sec.  36,  T.  44,  R.  13  W.  For  five  miles  along  the  St  Croix  below  Moose  river,  a 
few  small  exposures  only  are  seen.  On  Sec.  8,  T.  43,  R.  13  W.,  the  sandstone  is  exposed 
in  the  banks  five  or  six  feet  high.  At  the  first  considerable  exposure,  the  rock  is  fine 
grained,  very  thin  bedded,  and  argillaceous.  Circular  reddish  and  bluish  spots  of 
indurated  clay  are  of  frequent  occurrence  in  the  layers.  The  strike  is  N.  55°  E.,  and 
dip  13°  S.  There  are  two  well  marked  systems  of  joints;  one  trending  N.  28°  W.,  and 
the  other  N.  55°  E.  A  short  distance  below  here,  there  is  a  somewhat  larger  exposure, 
showing  a  strike  of  N.  53°  E.,  and  dip  of  14°  S.  Below  this,  for  a  distance  of  ten  or 
twelve  miles,  tilted  sandstones  often  form  the  bed  of  the  stream,  although  they  are  sel- 
dom seen  in  the  banks.  In  the  banks  of  Rocky  Run  on  Sac.  9,  T.  42,  R.  14  W.,  a  half 
mile  from  the  SI  Croix,  the  sandstones  are  again  largely  exposed.  In  the  banks,  and 
channel  of  the  St.  Croix  at  Pine  rapids,  a  quarter  of  a  mile  balow  Sawyer's  old  dam,  on 
the  southwest  quarter  of  Sec.  16.  T.  42,  R.  16  W.,  is  the  most  southerly  outcrop  of  the 
southward  dipping  sandstone  observed.  The  rock  is  very  similar  to  that  above  described. 
The  strike  is  N.  52°  E.,  and  the  dip  16°  S. 

It  will  be  noticed  from  an  examination  of  the  geological  map,  that  the  horizontal 
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distance  across  this  series  of  layers  of  sandstone  and  conglomerate,  at  rfg^t  angfer  1^ 
the  strike,  is  over  seven  miles.  There  seems  to  be  little  doubt  that  the  bed  k  contina- 
ous.  It  chiefly  consists  of  vezy  uniform,  thin-bedded,  fine-grained,  hard  argillaceous, 
red  sandstone.  Assuming  a  uniform  dip  of  14°,  a  simple  calculation  gives  for  the 
thickness  about  9,000  feet.  These  sandstones  are  exposed  in  Minnesota,  six  miles  above 
the  falls  of  Kettle  river,*  and  near  the  head  of  Whits  river,*  in  Bayfield  county.  I  have 
seen  them  in  Ashland  county  at  two  localities — on  White  river,  at  Welton's,  six 
miles  south  from  the  village  of  Ashland,  where  a  few  hundred  feet  are  exposed,  show- 
ing a  dip  of  25°  southeasteriy,  and  on  Bad  river,  at  Leighy's,  Sec.  25,  T.  47,  R.  3  W^ 
where  about  2,000  feet  of  the  bed  is  expdsed,  having  a  S.  E.  dip  of  33°.  For  details  in 
regard  to  the  Ashland  county  exposures,  the  reader  is  referred  to  Prof.  living's  repoit, 
in  another  part  of  this  volume.  The  southward  dipping  bed  of  sandstone  has  thus  a 
length,  in  Wisccnsin,  of  nearly  100  miles,  and,  as  stated  above,  an  estimated  maximum 
thickness  of  about  9,000  feet.  So  far  as  observed,  no  other  sedimentaiy  rocks  occur  in 
the  immediate  vicinity  of  it.  The  undoubted  horizontal  reddish  Lake  Superior  sand- 
stones near  Ashland  are  over  eight  miles  from  these  dipping  sandstones. 

The  following  table  of  analyses  made  by  myself,  shows  the  relative  conipositians  cf 
the  crystalline  rocks  and  sandstones  of  the  Keweenawan  system^  and  of  the  hori' 
zontal  Lake  Superior  sandstone: 


NUHBEB. 

1. 

2. 

8. 

4. 

Gravity ••,.... 

2.92 

2.69 

2.43 

2.18 

Silica 

48.28 
17.35 
11.4i3 
4.02 
6.27 
6.58 
1.14 
l.&S 
2.66 

53.69 
22.10 
8.53 
8.65 
4.31 
2.09 
1.39 
1.99 
2.61 

69.78 

15.43 

7.93 

87.02 

Alumina 

7.17 

Peroxide  of  iron 

3.91 

Profoxide  of  iwin 

Lime 

.49 

1.17 

2.6i 

2.42 

Trace. 

.11 

Magnesia  . .  r  t »  t  ,  -  - . ,  t  ^ , . , , . , . 

.06 

Potassa 

1.43 

Soda 

.22 

Water 

Trace. 

Total 

99.56 

100.36 

99.86 

99.92 

No.  1  is  an  analysis  of  a  fine-grained,  dark  greenish-gray  diabase  from  the  Fond 
du  Lac  copper  mine,  Douglas  county.  It  contains  a  trace  of  native  copper.  No.  2. 
Brownish-black  compact  diabase  from  the  Ashland  copper  mine,  Ashland  county,  near 
the  mouth  of  Tyler*s  Fork.  No.  3.  Coarse-grained,  reddish  Keweenawan  sandstone, 
from  Leighy's,  on  Bad  river,  Ashland  county.  Crystals  of  feldspar  can  easily  be  dis- 
tinguished in  the  specimen.  No.  4.  Typical  Lake  Superior  sandstone  from  a  lazge 
quany  on  Basswood  Island. 


LAKE  SUPERIOR  SANDSTONE. 


Bj  this  term  I  refer  to  the  reddish,  aluminous,  horizontal  sand- 
stones which  border  on  the  lake  shore  in  Bajfield  conntj,  and  extend 
as  far  south  in  Douglas  county  as  the  northern  limit  of  the  Copper 
Kange.     In  Bajfield  county,  this  rock  forms  bold  and  nearly  vertical 
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cliffs  along  the  lake  shore,  sometimes  40  or  50  feet  high.  Great  cav- 
erns and  picturesque  arches  have  been  worn  into  the  base  of  many  of 
these  cliffs  by  the  waters  of  the  lake.  In  Douglas  county,  the  sand- 
stone nowhere  borders  the  lake  shore,  but  is  found  in  the  channels 
and  banks  of  nearly  all  of  the  streams  at  a  distance  of  from  one  to 
three  or  four  miles  from  the  lake,  and  extending  to  the  crystalline 
rocks.  The  sandstone  is  chiefly  composed  of  small,  rounded,  and 
sometimes  somewhat  angular  grains  of  quartz,  cemented  by  a  ferru- 
ginous matrix.  Most  of  the  grains  are  coated  with  peroxide  of  iron, 
which  imparts  a  characteristic  reddish  color  to  the  stone.  All  of  the 
layers,  which  vary  gi-eatly  in  thickness,  are  more  or  less  aluminous, 
and  sometimes  so  much  so  as  to  become  somewhat  shaly.  Circular 
spots  or  nodules  of  indurated  clay  (altered  feldspar  grains)  are  of  fre- 
quent occurrence  in  the  layers.  I  have  never  seen  any  sign  of  calca- 
reous admixture.  The  above  analysis  (No.  4)  shows  about  the  average 
chemical  composition  of  the  rock.  It  will  be  observed  that  ic  is  not 
a  very  purely  quartzose  sandstone,  but  is  much  more  so  than  the  Ke- 
weenawan  sandstone,  from  which  it  may  have  been  partially  derived. 
The  composition  shows  that  the  sandstone  must  at  least  have  had  its 
origin  in  the  highly  aluminous  and  ferruginous  crystalline  Kewee- 
nawan  rocks. 

The  elevation  of  these  sandstones  near  their  southern  limit  varies 
considerably.  Along  th6  St.  Louis  river,  in  the  vicinity  of  Fond  du 
Lac,  the  sandstones  rise  to  a  height  of  between  200  and  250  feet  above 
the  lake.  At  Black  river  falls,  the  upper  surface  of  the  sandstone 
is  at  an  elevation  of  365  feet;  at  Copper  creek,  296;  on  the  Aminicon 
river,  about  220,  and  on  Middle  river,  155  feet.  On  the  Brul6  river, 
the  sandstone  is  found  at  an  elevation  of  212;  on  Iron  river,  150; 
Flag  river,  115,  and  Siskowit  river,  Sec.  2,  T.  60,  R.  6,  95.  This 
inclination  of  the  surface  towards  the  east  may  be  due  to  a  slight  dip 
in  that  direction. 

In  regard  to  the  age  of  the  Lake  Superior  sandstones^  but  very  lit- 
tle indeed  can  be  learned  in  the  Western  Lake  Superior  district  So 
far  as  my  observations  have  extended,  the  sandstones  are  absolutely 
devoid  of  organic  remains.  They  are  removed  many  miles,  and  are 
separated  by  intervening  older  formations,  from  the  unmistakable 
Lower  Silurian  strata.  These  sandstones,  with  quartzose  conglomer- 
ate at  their  base,  unconformably  overlie  the  Huronian  slates  on  the 
St.  Louis  river,  two  miles  west  from  the  northwest  corner  of  Wiscon- 
sin. At  the  state  corner,  on  the  south  side  of  the  stream,  is  a  ledge 
of  coarse  sandstone,  forty  or  fifty  feet  in  height,  with  a  low  dip  to  the 
north. 
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In  the  preceding  pages  the  relations  between  the  Lake  Snperior 
sandstones  and  the  eruptive  crystalline  rocks  have  been  explained,  and 
we  may  say  that  it  has  been  conclusively  shown  that  the  sandstones 
are  of  more  recent  age  than  the  Eeweenawan  strata. 

QUATERNARY  DEPOSITS. 

In  treating  of  this  subject,  I  shall,  on  account  of  the  limited  space 
assigned  to  me  in  this  report,  omit  all  minor  details  and  simply  pre- 
sent the  main  facts  in  a  general  manner.  In  the  district  under  con- 
sideration, the  drift  deposits  are  very  largely  represented.  Either  the 
original  and  unstratified,  or  the  secondary,  modified  or  stratified  de- 
posits, cover  very  nearly  the  entire  surface  of  the  district.  The  under- 
lying rocky  formations  have  so  very  limited  a  surface  exposure,  that 
exceedingly  few  opportunities  are  afforded  to  make  examinations  for 
striffi,  and  thus  determine  with  precision  the  direction  of  the  great 
glaciers  which  formerly  occupied  the  region.  No  distinct  glaciated 
surfaces  have  been  observed.  In  the  vicinity  of  Thompson  and  the 
junction,  the  slates  show  a  smooth  surface  in  places,  as  do  also  the 
eruptive  rocks  a  short  distance  east  from  Copper  creek.  A  few  indis- 
tinct striations,  trending  about  northeast,  were  noticed  at  these  places. 
However,  as  some  of  these  rocks  show  the  effects  of  running  water, 
these  observations  must  be  received  with  some  caution,  but  the  abra- 
sion of  projecting  ledges  makes  it  quite  certain  that  the  movement 
was  from  northeast  to  southwest.  This  is  corroborated,  in  the  way  of 
direct  evidence,  by  the  movements  of  the  drift  materials  themselves. 
Boulders  of  sandstone  and  crystalline  Keweenawan  rocks  are  found  in 
a  number  of  instances,  apparently  but  a  short  distance  from  their 
original  beds.  In  each  case  the  direction  of  the  boulders  from  the 
ledges  is  about  southwest  The  trend  of  the  several  bays  and  points 
along  the  coast  of  the  lake,  and  of  the  largest  of  the  Apostle  Islands, 
is  presumptive  evidence  that  the  general  glacial  movement  was  to- 
wards the  southwest. 

Unstratified  glacial  deposits.  The  materials  of  the  unstratified 
drift  arc  sand,  gravel,  clay  and  boulders,  occurring  in  relative  quan- 
titles,  on  the  surface,  in  about  the  order  named.  Sand  and  gravel  are 
almost  the  exclusive  materials  of  the  so-called  Barrens,  and  occupy 
the  highest  portions  of  the  district.  The  sand  consists  of  light 
colored,  medium  sized,  round  to  somewhat  angular  grains  of  quartz. 
The  pebbles,  making  up  the  gravel  deposits,  vary  in  size  from  large 
grains  of  sand  to  three  or  four  inches  in  diameter.  They  are  very 
round  and  consist  chiefly  of  granite,  greenstone,  quartz  and  sandstone. 
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Sand  and  pebbles  make  up  nearlj  the  entire  snrface  deposits  of  the 
^^  barrens."  On  the  highest  portions  thej  may  be  said  to  be  the  ex- 
clnsive  deposits.  A  hundred  feet  below  the  summit,  or  at  an  eleva- 
tion of  between  400  and  500  feet,  reddish  clay  and  boulders  are  found 
intermingled  in  various  proportions  with  the  sand.  When  a  consid- 
erable proportion  of  clay  is  mixed  with  the  sand,  a  soil  is  produced 
capable  of  sustaining  in  places  a  dense  growth  of  red  pines  (Norways). 
The  unstratified  clay  is  very  similar  to  the  stratified.  It  is  really 
a  ferruginous,  sandy,  marly  day.  About  the  average  chemical  com- 
position has  been  given  in  two  analyses  under  the  subject  of  soils. 
This  clay  borders  the  "  barrens,"  and  is  found  upon,  and  each  side  of, 
the  Copper  Bange.  South  of  the  range  and  west  of  the  Brul^  and 
Moose  rivers,  it  is  the  predominating  drift  material,  and  with  sand, 
pebbles  and  boulders  composes  the  low,  broad  ridges  which  usually 
trend  N.  E.  and  S.  "W.  between  the  many  swamps  of  the  region,  and 
support  a  heavy  growth  of  birch,  poplar,  maple  and  pine.  These 
trees  also  grow  at  a  few  places  on  low  land  and  clayey  localities  in 
the  barrens. 

Boulders  are  not  very  numerous,  except  in  the  channels  or  deep, 
narrow  valleys  of  the  streams.  They  are,  however,  quite  evenly  spread 
over  the  surface  of  the  district,  with  the  exception  of  the  highest  por- 
tions of  the  •' barrens."  On  the  summit  of  the  Copper  Range,  and 
between  the  swamps  to  the  south  of  it,  there  arc  trains,  or  narrow 
ridges  of  boulders,  sand  and  clay,  extending  from  a  few  rods  to  a  half 
mile  or  more  in  length,  and  trending^  generally  N.  E.  and  S.  W.  In 
the  channels  of  the  streams,  boulders  usually  a  foot  or  less  in  diameter 
are  very  numerous.  On  Ts.  46  and  47,  R  10  W.,  in  the  valley  of  the 
Brule  river,  the  boulders  are  very  numerous  and  very  large.  Many 
of  them  are  ten  feet  in  diameter,  and  a  few  will  measure  even  twenty 
feet  across.  In  this  place,  they  form  trains  or  ridges  at  right  angles 
to  the  valley,  nearly  across,  through  which  the  channel  has  cut  its 
way.  The  large  boulders  are  diabase.  In  general,  the  boulders 
belong  to  the  greenstone  group,  or  are  granite,  gneiss,  or  felsitic  por- 
phyry. Reddish  porphyry  boulders,  of  unknown  origin,  and  common 
in  the  southern  part  of  the  state,  also  occasionally  occur  here.  Small 
native  copper  boulders  are  frequently  found,  and  several  of  great 
weight  are  said  to  have  been  discovered.  Mr.  S.  Vaughn,  of  Ashland, 
is  authority  for  the  statement  that  a  copper  boulder  was  found  in 
1840  in  the  channel  of  Sioux  river,  six  miles  from  Lake  Superior, 
which  weighed  1700  pounds.  It  was  taken  to  La  Pointe,  and  there 
sold.  A  mass  weighing  100  pounds  was  found  on  Outer  island,  in 
1876,  and  purchased  by  Mr.  A.  C.  Heyward,  of  Bayfield.  Many  of 
Vol.  m.— 23 
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the  bonlders  in  this  district,  certainly  the  granites  and  gneisses,  must 
have  crossed  Lake  Superior,  and  have  traveled  a  distance  of  at  least 
200  miles. 

Moraines.  Kettle  Bange.  The  great  Kettle  Eange  of  the  district 
is  embraced  within  the  "barrens.''  Its  northeastern  end  commences 
in  T.  50,  E.  5  W.,  and  the  summit  of  the  range  passes  almost  south- 
westward  across  the  district.  The  range,  in  the  Western  Lake  Supe- 
rior district,  is  from  six  to  fifteen  miles  wide.  The  kettles,  or  circular, 
pot-like  depressions,  are  the  largest,  and  by  far  the  most  numerous, 
in  Ts.  47,  R  8  W.,  48,  7  and  49,  6.  They  are  often  from  one  hun- 
dred  to  one  hundred  and  fifty  feet  in  depth  and  no  more  than  four 
hundred  or  five  hundred  feet  across  the  top ;  and  are  sometimes  so  close 
together  that  the  ridges  which  separate  them  are  scarcely  wide  enough 
for  a  foot  path.  Often  there  are  knolls  between  them,  and  frequently 
they  are  separated  by  quite  extensive  areas  of  level  ground.  I  shall 
not  attempt  a  critical  description  of  them,  but  will  simply  refer  the 
reader  to  Prof.  Chamberlin's  description  of  the  Kettle  Range  in  east- 
em  Wisconsin,  contained  in  Vol.  II  of  the  Survey  Reports,  l)ages 
206-7-8.  This  description  applies  so  perfectly  to  the  range  under 
consideration,  that  I  could  not  hope  to  equal  it  in  vividness,  and 
accuracy  of  details. 

It  is  quite  evident  that  this  Kettle  Range  owes  its  origin  to  a  cause 
similar  to  that  which  produced  the  Eastern  Wisconsin  Range.  We 
may  assume  that  the  great  glacier  which  descended  from  the  north- 
east, was  divided  into  two  portions;  the  one  passing  southwestward 
along  the  general  course  of  the  western  portion  of  the  lake,  while  the 
other  took  a  more  southerly  course  on  the  opposite  side  of  the  Bay- 
field peninsula;  and  that  the  kettle  moraine  was  formed  by  the  joint 
action  of  the  two. 

In  regard  to  the  depressions,  the  results  of  my  observations  agree 
in  the  main  with  the  conclusions  of  Prof.  Chamberlin  (vol.  II,  page 
214).  The  circular  depressions  may  have  been  chiefly  formed,  as  Col. 
Whittlesey  states  in  the  Smithsonian  contributions,  by  masses  of  ice 
becoming  buried  in  the  drift  and  subsequently  thawing.  In  the  Lake 
Superior  kettle  range,  some  of  the  circular  depressions  and  many  of 
the  oblong  ones  were  apparently  formed  during  the  melting  of  the 
glaciers,  by  eddies  in  the  angles  of  slowly  flowing  streams  of  water. 
This  is  clearly  suggested  by  their  frequent  occurrence  in  tortuous 
lines  of  depression  leading  off  on  either  side  from  the  summit  Such 
depressions  could  have  been  easily  formed,  as  flowing  water  readily 
holds  in  suspension  and  carries  off  the  fine  sand  and  the  red  marly 
clays  of  the  district.    It  is  to  this  fact  that  I  attribute  the  almost 
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entire  absence  of  claj  on  the  highest  portions  of  the  kettle  range,  and 
the  consequent  comparative  barrenness  of  the  "  barrens."  During 
the  melting  of  the  glaciers,  each  grain  of  sand  was  literally  washed, 
and  all  adhering  day  carried  away  in  suspension  to  still  water,  where 
it  was  deposited  in  horizontal  beds.  In  regard  to  the  thickness  of 
the  glaciers,  we  know  but  very  little,  and  of  the  maximum  depth  of 
the  drift,  little  more.  The  glaciers  must  have  been  thick  enough  to 
have  filled  the  basin  of  Lake  Superior  to  a  depth  of  nearly  1,000  feet, 
and  to  have  overtopped  the  highest  points  in  the  district,  not  over  700 
feet  above  the  lake.  On  account  of  the  probable  very  irregular  sur- 
face of  the  Ceweenawan  strata,  an  attempt  at  the  estimation  of  the 
thickness  of  the  drift  at  a  given  point  would  be  at  best  guesswork. 
The  stratified  drift  near  the  western  end  of  the  lake  is  over  200  feet 
thick. 

Champlain  deposits.  Stratified  drift.  Owing  to  the  very  few 
fresh  exposures  of  the  drift  deposits  in  the  district,  it  is  impossible  to 
state  precisely  the  altitude  to  which  the  stratified  clays  and  fine  sands 
arise.  Yery  few,  if  any,  stratified  clays  were  observed  at  an  elevation 
greater  than  300  feet  The  sands,  however,  with  a  small  admixture 
of  clay,  have  an  indistinct  stratification  along  some  of  the  ancient 
channel  courses  fully  200  feet  higher.  I  found  no  evidence  that  the 
drift  materials  had  been  stratified  by  the  waters  of  the  lake,  when 
standing  at  a  relative  altitude  of  300,  or,  at  most,  350  feet,  greater 
than  at  present.  Along  the  lake  shore  in  Douglas  county,  stratified 
red  marly  clays,  with  layers  more  or  less  sandy,  arise  to  a  height  of 
from  ten  to  twenty-five  feet  When  the  clay  is  dry  it  crumbles  readily 
and  rolls  down  the  steep  banks  into  the  lake,  and,  when  wet,  it  slips 
or  slides  down.  The  lake  is,  therefore,  quite  rapidly  encroaching  upon 
the  land. 

The  following  section  of  the  modified  drift  was  taken  on  the  left  or 
north  bank  of  the  St  Louis  river,  about  one  quarter  of  a  mile  from  the 
railroad  station  called  Greeley.  The  river  bank  is  very  steep,  and  the 
section  is  continuous,  cuttings  for  a  railroad  grade  having  exposed 
about  forty  feet  It  is  introduced  as  a  representative  section,  instead 
of  several  smaller  ones  of  less  importance.  Commencing  at  the  top, 
the  successive  beds  or  layers  are  as  follows: 

FtH. 

1.  Sandysoil 2 

2.  Brownish  sharp  sand 12 

3.  Yellowish  clayey  sand 6 

4.  Reddish  sandy  clay 6 

5.  Brownishsand 1 

^  light  colored  sandy  day ••.  5 
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Ftit. 

7.  WhitishBODd 2 

8.  Reddish  sandy  adhesive  day 13 

9.  Slightly  sandy  reddish  clay,  somewhat  gravelly;  bakes  in  the  son,  and 

crambles  in  small  angular  masses 50 

10.  Same,  wanting  the  gravel 12 

11.  Slightly  sandy,  light  red  day;  dries  and  bakes  in  the  smi,  becoming 

exceedingly  hard 90 

12.  Light  colored  clayey  sand 14 

13.  Like  No.  9,  but  containing  a  few  small  boulders 30 

14.  Unstratified?    Boulder  clay,  above  the  river 4 

15.  Elevation  of  liver  above  Lake  Superior 15 

Total 202 

Terraces.  In  the  vicinity  of  Fond  du  Lac,  at  the  western  end  of 
the  lake,  and  also  southeast  from  Snperior  City  along  the  old  St.  Paul 
military  road,  there  are  qnite  distinct  evidences  of  lake  terraces.  I 
place  them  at  about  15,  35,  SO,  120,  and,  an  indistinct  one,  300  feet 
above  the  present  level  of  the  lake.  At  most  localities  in  the  vicinity 
of  the  lake  shore  they  have  been  obliterated.  Along  either  side  of 
the  Brul6  river,  in  the  vicinity  of  the  mouth  of  the  Nebagamain,  T. 
47,  R.  10  W.,  there  are  perfectly  distinct  river  terraces.  The  river 
here  is  about  300  feet  above  Lake  Superior.  The  first  terrace  is  30 
feet  above  the  present  surface  of  the  river,  the  second  80,  and  the 
third  190  feet.  From  the  top  of  the  highest  terrace,  or  level  of  the 
surrounding  country,  to  the  corresponding  top  on  the  opposite  side 
of  the  valley,  the  distance  is  about  one  mile.  As  the  river  is  as- 
cended a  few  miles,  the  several  terraces  have  a  less  height  above  the 
stream,  showing  that  they  are  more  nearly  horizontal  than  the  present 
channel,  and  consequently,  that  the  current  is  much  swifter  now  than 
it  was  formerly.  In  descending  the  river  a  few  miles,  another  terrac6 
comes  in  near  the  surface.  Evidences  of  river  terraces  were  also  ob- 
served  near  the  headwaters  of  Iron  and  Flag  rivers. 
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CHAPTER  III. 

OKE  DEPOSITS  AND  MINES. 

About  $100,000  has  been  expended  in  Douglas  county,  in  working 
mines  and  making  explorations  for  metallic  copper.  The  most  o£ 
this  sum  has  been  expended  in  the  interests  of  those  who  hoped  to 
speculate  on  the  mining  stock,  or  who  had  a  very  strong  desire  to 
^^get  up  a  company."  In  consequence  of  the  funds  mostly  being 
used  by  those  who  had  not  the  greatest  pecuniary  interest  in  the  suc- 
cessful dcTelopment  of  the  mines,  and,  also,  owing  to  the  fact  that 
most  of  the  work  was  undertaken  before  the  occurrence  of  the  metal, 
and  the  proper  system  of  mining,  were  well  understood  by  anybody, 
a  large  proportion  of  the  $100,000  was  not  judiciously  expended. 
Although  none  of  the  mining  enterprises  hare  proven  successful,  they 
do  not  demonstrate,  by  any  means,  that  valuable  deposits  of  native 
copper  do  not  exist  in  the  district,  or  even  that  one  or  two  of  the  par- 
iially  developed  mines  may  not  yet  economically  produce  considerable 
quantities  of  copper.  It  usually  requires  but  a  very  inconsiderable 
outlay  of  money  or  labor  to  demonstrate  the  general  character  of  a 
deposit  After  this  has  been  accomplished,  in  any  future  attempt  at 
mining,  I  would  most  strongly  recommend  that  some  extensively 
known,  and  universally  recognized,  thorough  mining  expert,  one  who 
has  had  experience  with  the  copper  deposits  of  Michigan,  be  employed 
to  examine,  and  report  upon  the  proposed  mine.  Better  pay  a  few 
hundred  dollars,  and  have  your  mine  properly  condemned,  if  need  be, 
at  the  outset,  than  to  expend  many  thousands  and  finally  condemn  it 
yourself. 

Character  of  the  MetalUferoue  Deposits.  Metallic  copper  occurs 
under  the  following  conditions  in  Douglas  county: 

1.  Indiscriminately  scattered  through  belts  of  epidotic  and  calca- 
reous rock  of  various  thickness,  and  lying  usually  with  the  bedding 
of  the  formation,  as  at  the  Percival  mine. 

2.  Irregularly  disseminated  fine  particles  of  native  copper  in  the 
layers  or  beds  of  diabase,  as  at  the  Fond  du  Lac  mine. 

8.  In  true  fissure  veins,  as  at  the  Wisconsin  mine. 
I  have  noticed  indistinct  indications  of  contact  depostte  at  Black 
river  falls,  and  on  Middle  river,  between  the  eruptive  rocks  and 
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breccia  or  sandstone.  As  these  deposits  are  of  great  importance  in 
Michigan,  I  would  suggest  to  explorers  to  hereafter  caref ally  search 
for  diem.  Another  locality  in  which  to  search  for  contact  deposits 
is  along  Moose  river,  and  to  the  west  of  that  stream,  at  the  junction 
of  the  crystalline  rocks  and  overlying  and  interstratified  conglom- 
erates. 

One  consideration  which  will  probably  be  found  somewhat  unfavor- 
able to  mining  enterprises  in  Douglas  county,  especially  upon  fissure 
veins,  may  be  mentioned  in  this  connection.  The  layers  or  beds  of 
uniform  rock,  apparently,  have  no  very  great  thickness,  but  differ 
considerably  in  lithological  characters.  A  vein,  therefore,  in  passing 
from  one  to  another,  will  doubtless  be  found  to  be  somewhat  irreoru- 
lar.  In  this  respect,  the  beds  of  Douglas  county  strikingly  resemble 
those  of  Isle  Royale. 

History  and  Descriptions  of  the  Douglas  County  Copper  Mines.  Thiough  the 
kindness  of  several  of  the  old  settlers  of  Superior  City,  Mr.  James  Barden  in  partica- 
lar,  and  of  some  of  the  officers  of  the  yarions  mines,  I  have  been  able  to  collect  many 
interesting  and  important  facts  in  regard  to  the  history  of  each  location.  These  will  be 
indaded  and  blended  with  my  own  observations  from  a  recent  personal  examination  of 
each  location. 

Pre-Histarie  Mines,  Although  from  present  indications,  I  assame  that  their  work 
was  very  limited,  there  is,  nevertheless,  but  little  doubt  that  this  district  was 
**  prospected  '*  by  that  strange  pre-historic  people,  whose  greatest  efforts  at  mining 
were  apparently  upon  Isle  Royale.  Mr.  Stuntz,  of  Superior,  has  informed  me  that  some 
years  ago  several  small  pits  were  found  near  the  upper  falls  of  Black  river,  and  lying 
on  top  of  one  of  the  heaps  of  gravel  and  earth  thrown  out,  was  a  rude  and  broken 
stone  hammer.  He  also  states  that  long  ago  he  saw  indications  of  pre-historic  mining 
two  or  three  miles  east  of  Copper  creek.  Almost  directly  across  the  stream  from  the 
junction  of  the  eruptive  rocks  and  sandstones  on  Copper  creek,  I  found  a  tolerably  well 
defined  pit  three  or  four  feet  deep,  and  six  or  eight  feet  long.  In  the^  center  of  the  de- 
pression was  standing  a  dead  spruce,  about  a  foot  in  diameter,  and  under  the  roots  were 
remains  of  charred  wood.  In  the  bottom  of  the  pit,  and  under  a  slight  covering  of  soil, 
were  many  small  boulders,  two  of  which,  although  very  rude,  had  apparently  been  used 
as  mauls.  In  this  ooimection,  it  may  be  interesting  to  state  that  a  fine  copper  knife, 
eight  inches  long,  was  found  a  few  years  ago  on  Presque  Isle,  one  of  the  Apostlo 
islands.  Mrs.  Heyward,  of  Bayfield,  has  it  with  her  fine  collection  of  minerals  and 
antiquities. 

At  Black  River  Falls ,  the  North  American  Fur  Company  sunk  a  shaft  a  few  feet,  and 
prospected  about  the  falls  considerably  during  the  years  1846-7.  Since  then  there  ap- 
pears to  have  been  little  or  no  work  done  at  the  locality.  A  short  distance  along  the 
northeast  wall  of  the  calion  from  the  foot  of  the  great  &dl,  a  fine-gramed  reddish 
brown  diabase  comes  in,  which  is  frequently  amygdaloidal.  The  dip  is  46*  about  S. 
20*  E.  In  this  nx^  there  is  a  band  of  amygdaloidal  diabase,  one  or  two  feet  thick. 
The  cavities  of  the  amygdaloid  are  chiefly  studded  with  small  acicular  crystals  of 
epidote,  and  the  rock  is  quite  highly  diarged  with  the  green  and  blue  carbonates  of 
copper.  A  small  amount  of  galena  was  also  noticed  in  the  vein  matter,  which  induced 
me  to  make  an  assay  for  silver.  A  distinct  trace  was  found.  A  trace  of  silver  was 
also  found  in  a  sample  of  the  debris  piled  up  upon  the  bank  near  the  head  of  tho  falls. 
Galena  was  also  noticed  in  this. 
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Ck>pper  Creek  Mine.  This  mine  is  located  on  the  west  half  of  the  S.  W.  qr.  of  Sec. 
U.  and  the  east  half  of  the  S.  E.  qr.  of  Sec.  15,  T.  47,  R.  14  W.,  comprising  160  acres. 
The  North  American  Fur  Company,  in  the  years  1846-7,  sunk  four  shafts  on  this  loca- 
tion, which  appear  from  soundings  to  be  28  ft.,  28  ft.,  46  ft.,  and  35  ft.  deep,  respectively. 
So  ^  as  I  was  able  to  determine,  they  do  not  appear  to  be  on  a  vein,  or  even  a  metallif- 
erous bed.  This  ;tract  of  land,  immediately  after  the  government  survey  in  1853,  was 
eecured,  after  a  litigation  with  the  Fur  company,  by  J.  H.  C.  McKinney.  From  him  it 
passed  with  one  intervening  title,  to  Gen.  Geo.  B.  Sargent,  of  Davenport,  Iowa,  and 
Jas.  0.  Sargent,  of  Boston,  Mass.  Explorations  were  made  by  the  latter  gentleman  in 
the  fall  of  1863,  with  such  encouraging  results  that  a  company  was  organized  to  mine 
for  copper  on  an  extensive  scale.  During  the  years  1864r^,  a  large  force  of  men  was 
employed,  and  about  $30,000  expended  on  the  location.  Considerable  surface  explora- 
tion was  carried  on,  three  shafts  were  sunk,  and  drifts  were  run  in  various  directions, 
generally  from  the  bottoms  of  the  shafts.  The  aggregate  depth  of  shafts  sunk  waB 
about  190  feet,  and  the  length  of  drifting  about  260  feet.  The  surface  indications  were 
considered  good,  but,  as  there  is  no  true  vein,  the  deposits,  o£  course,  were  found  very 
irregular.  It  was  supposed  that  there  were  three  distinct  veins.  A  perpendicular 
shaft  was  sunk  at  the  junction  of  the  forks  of  the  cre^  to  strike  one  of  tiie  hypotheti- 
cal veins,  which  was  supposed  to  be  exposed  on  the  surface  to  the  west  of  the  shaft, 
and  to  apparently  dip  towards  it.  As  the  lode  (?)  was  not  struck  at  a  depth  of  60  feet, 
a  drift  was  run  towards  it  at  a  distance  of  about  40  feet,  and  then  to  the  north  15  feet. 
It  is  needless  to  state  that  no  "vein  "  was  found.  A  drift  was  also  run  from  the  bot- 
tom of  the  shaft  15  feet  to  the  east,  but  without  striking  a  *'  vein.**  The  rock  which 
came  out  of  the  shaft  is  very  amygdaloidal,  soft  and  earthy,  and  decomposes  with 
exceeding  rapidity.  A  large  amount  of  very  epidotic  rock,  quartz  and  calcite,  carrying 
more  or  less  fine  shot  copper,  were  also  taken  from  the  shaft  and  drifts.  The  other 
shafts,  tunnels,  and  drifts,  afforded  no  more  encouraging  results  than  those  first 
described.  One  of  the  shafts  is  located  about  100  feet  south  from  the  junction  of  the 
forks.  A  large  amount  of  quartz,  carrying  small  flakes  of  native  copper,  came  from 
this  shaft,  which  would  seem  to  indicate  the  presence  of  a  quartz  vein.  However,  I 
saw  no  surface  indications  to  warrant  such  a  supposition.  The  third  shaft  is  located 
about  400  feet  northeast  from  the  forks  of  the  creek.  It  was  sunk  upon  a  bedded 
•*  epidote  vein,**  which  is  two  feet  wide  on  the  surface,  where  it  appears  at  the  mouth  of 
a  tunnel,  50  feet'long,  run  to  intersect  the  shaft.  The  dip  is  about  50°  S.  E.  In  the 
shaft,  above  the  water,  a  clay-like  material,  somewhat  reddish,  probably  derived  from 
laumontite,  composes  the  "  vein,'*  about  four  inches  wide.  Epidote  is  found  in  the 
walls  about  a  foot  either  side  of  the  vein,  and  grades  into  amygdaloidal  diabase.  These 
shafts  are  all  filled  with  water  to  very  near  the  surface.  The  buildings  belonging  to  the 
location  are  now  so  thoroughly  decayed  as  to  be  entirely  worthless.  The  wagon  road, 
which  was  constructed  to  Superior  City,  thirteen  and  one  half  miles,  since  the  abandon- 
ment of  the  mine,  has  become  impassable  for  teams. 

Fond  da  Lac  Mine.  This  location  comprises  the  N.  E.  qr.  of  Sec.  8,  T.  47,  R.  13 
W. — 160  acres.  The  land  was  purchased  from  the  government  by  A.  A.  Parker  and 
C.  Kimball,  both  mineral  explorers  from  Ontonagon,  Michigan.  In  1855  a  company 
was  organized  under  the  general  laws  of  Wisconsin,  with  local  officers  residing  at  Supe- 
rior, and  with  a  subscribed  capital  of  $50,000.  W.  S.  Crowell,  from  Michigan,  was 
appointed  superintendent,  and  a  regular  force  of  miners  was  employed  during  1856-7. 
During  this  period  there  was  expended  about  $12,000  in  sinking  two  shafts  upon  what 
the  company  supposed  to  be  a  "  well-defined  vein.**  The  depth  reached  was  40  feet  m 
one  shaft,  and  60  feet  in  the  other.  The  operations  at  this  location  were  suspended 
**on  account  of  the  financial  crisis  in  1857,**  and  have  not  been  resumed.  The  shafts 
are  nearly  one-fourth  mile  apart.    The  one  near  the  road  leading  from  Copper  creek  to 
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the  Wisconsin  mine,  has  an  inclination  of  about  40%  S.  80**  E.  The  debris  consists 
largely  of  a  pinldsh,  dark-gray  diabase,  often  containing  minate  flakes  of  native  copier, 
which,  I  conclude  from  the  indications  about  the  shaft,  came  from  the  foot  wall  of  an 
epidotic  belt.  The  hanging  wall  is  mainly  gray  amygdaloidal  diabase,  containing  no 
copper.  The  vein  stuff  is  very  epidotic,  but  contains  no  copper.  A  determination  of 
copper  from  a  selected  specimen  of  the  foot  wall,  gives  me  less  than  one-fourth  of  one 
per  cent.  The  rock  from  the  second  shaft  is  chiefly  amygdaloidal.  A  small  quantity  of 
epidotic  rock,  and  small  pieces  of  coarsely  crystallized  calcite  were  noticed  with  the  de- 
bris. Copper  was  only  found  in  diabase  from  the  foot  wall,  and  in  quantities  nothmg 
like  sufficient  to  induce  a  re-opening  of  the  mine.  This  mine  was  opened  with  the  idea 
of  finding  mass  copper.  It  was  supposed  that  it  was  only  necessary  to  open  a  mine 
almost  anywhere  in  the  crystalline  eruptive  rocks,  in  order  to  develop  a  lode  which  would 
produce  large  masses  of  pure  copper.  The  shafts  at  this  location  are  nearly  fuU  of  water, 
which  renders  their  interior  exploration  impossible.  The  buildings  have  decayed  and 
tumbled  down. 

Wisconsin  Mine.  This  mine,  locally  known  as  the  Edwards  Mine,  is  in  the  N.  E. 
qr.  and  the  S.  E.  qr.  of  Sec.  2,  T.  47,  R.  13  W.,  comprising  320  acres.  A  company, 
composed  of  James  Edwards,  J.  Mallory,  J.  V.  V.  Platto,  J.  W.  Gary,  J.  A.  Noonan 
and  A.  Finch,  was  organized  in  the  spring  of  1863,  under  chapter  331  of  the  general 
laws  of  Wisconsin  for  that  year,  having  the  name  of  the  "  Wisconsin  Copper  Mining 
and  Smelting  Company,''  with  a  capital  stock  of  20,000  shares,  of  $100  each.  A  regu- 
lar and  well-defined  fissure  vein,  from  four  to  six  feet  wide,  was  found  in  this  location, 
and  the  shafts  were  sunk  on  it  between  300  and  400  feet  apart  Work  was  commenced 
in  June,  1863,  under  the  direction  of  Capt.  Jas.  Edwards,  and  continued  for  nearly  a 
year.  About  $14,000  was  expended,  when  the  work  ceased  on  account  of  lack  of  funds. 
The  owners  of  the  location  are  confident  that  it  is  rich  in  copper,  and  that  it  only 
i*equires  skill  and  capital  to  develop  it.  The  vein  is  composed  of  an  epidotic  rock,  car- 
rying a  considerable  amount  of  crystalline  and  drusy  quartz,  with  prehnite  and  granular 
(^cite.  It  carries  a  considerable  quantity  of  shot  and  nugget  copper.  Nuggets  weigh- 
ing from  one  to  fifteen  pounds  are  frequently  found.  In  sinking  one  of  the  shafts  to  a 
depth  of  fifteen  feet  below  the  surface,  a  half  ton  of  copper  was  taken  out.  One  of  the 
shafts  was  sunk  to  a  depth  of  58  feet,  and  the  other  72  feet.  The  vein  trends  nearly 
N.  E.  and  S.  W.,  and  dips  about  75*  N.  W.  The  country  rock  is  amygdaloidal,  and  is 
very  uniform  over  an  area  of  several  acres.  The  base  of  the  rock  is  rather  soft,  dark 
brownish  and  granular  to  compact.  The  amygdules  are  prehnite,  calcite,  and  an 
altered  prehnite.  Often  the  cavities  are  studded  with  quartz  or  epidote  crystals.  The 
shafts,  now  nearly  filled  with  water,  are  very  large,  being  seven  feet  wide,  and  ten 
long.  The  wagon  road  to  Superior,  eight  and  one-half  miles  distant,  is  in  very  good 
condition,  but  the  buildings  at  the  mine  have  been  destroyed. 

This  location,  being  upon  a  true  vein,  as  is  known  from  the  polished  and  striated 
condition  of  the  walls,  and  the  well  marked  selvages,  I  regard  as  the  most  desirable 
paece  of  mining  property  in  Douglas  county.  It  ought  to  be  prospected  still  farther. 
At  least,  levels  ought  to  be  run  on  the  vein  from  the  shafts.  A  small  expenditure 
would  do  this  much. 

In  this  ooimection  it  may  be  interesting  to  note  the  cost  of  sinking  the  shafts,  or  run- 
ning the  levels  or  tunnels.  The  average  cost  per  foot  of  sinking  the  shafts  and  nmning 
the  drifts  at  Copper  creek  in  186-tr^,  was  $66.  At  the  Fond  du  Lac  mine  in  1856-7, 
the  cost  per  foot  in  sinking  the  shafts  was  $120,  and  it  cost  to  sink  the  shafts  on  the 
Wisconsin  location  in  1^63,  $107  per  foot.  It  may  be  observed  that  these  figures  are 
extraordinarily  high.  At  the  present  time  (1877),  numerous  contracts  are  taken  in 
various  mining  districts  of  Colorado,  some  of  which  are  vastly  more  inaccessible  than 
was  the  Copper  Range  of  Douglas  county,  for  sinking  shafts  and  running  tunnels,  in 
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much  harder  rock  than  the  diabases  of  Wisconaiii,  and  at  a  price  a  good  deal  less  than 
half  the  sum  it  cost  the  Wisconsin  companies. 

The  Perdval  Mine.  This  location,  named  in  honor  of  J.  G.  Perdval,  the  eminent 
scholar  and  gedogist,  comprises  the  north  half  of  Sec.  27,  T.  48,  R.  10  W.—  320  acres. 
It  was  ofmied  principally  by  the  late  Gen.  Geo.  B.  Sargent,  of  Duluth,  Minnesota,  who 
was  also  the  owner  of  over  11,000  acres  of  mineral  lands  upon  the  Copper  Range  of 
Douglas  county.  Work  was  commenced  on  this  location  in  September,  1873.  The 
mine  was  visited  September  30th,  by  the  geological  party,  at  whch  date  a  force  of  eight 
men  were  employed  in  tracing  the  **  veins.'*  Mr.  E.  McNair,  who  was  largely  inter- 
ested in  the  location,  was  upon  the  ground  and  greatly  assisted  the  geological  party. 
Owing  in  part  to  the  bad  condition  of  the  roads,  and  the  consequent  difficulty  of  ob- 
taining supplies,  but  verylitUe  work  has  been  done  on  the  mine,  not  enough,  in&ict,  to 
warrant  me  in  drawing  definite  conclusions  in  regard  to  the  character  of  the  deposits. 
The  owners  claimed  to  have  four  parallel  '*  veins,'*  separated  from  each  other  by  50  or 
100  feet,  and  trending  nearly  east  and  west.  There  are  very  few  natural  exposures  in 
the  vicinity  of  the  mine,  nearly  the  whole  range  in  this  locality  being  covered  with  a 
slight  coating  of  drift  The  country  rock  in  proximity  to  the  **  veins,'*  is  a  dark  gray 
granular  diabase,  often  having  a  pinkish  tinge,  and  occasionally  contains  amygdules 
of  prehnite. 

'*  Vein  '*  No.  1  is  the  most  southern  of  the  series  of  metalliferous  deposits,  and  con- 
sists mainly  of  a  calcareous  and  laumontitic  gangue,  containing  small  quantities  ol  the 
carbonates  of  copper,  derived  from  the  native  metal,  and  occasional  nuggets  of  metallic 
copper  weighing  from  one  to  seven  pounds.  From  the  indications  about  several  shallow 
test  pits  sunk  along  the  line  of  this  so-called  vein,  it  is  probable  that  a  number  of  sur- 
face  impregnations  were  struck  instead  of  a  vein  being  followed. 

*'  Vein  "  No.  2 1  regard  as  merely  a  vein-like  impregnation.  Several  pits  were  sunk 
in  tracing  it,  and  a  shaft  was  put  down  15  feet,  at  a  point  supposed  to  be  the  junction 
of  a  leader  with  the  main  vein.  Here  the  dip  is  about  45^  N.,  and  the  impregnation 
has  a  width  at  the  surface  of  only  two  inches,  while  at  the  bottom  of  the  shaft  it  is  in- 
distinctly fifteen  inches.  Shot,  and  strings  of  native  copper  are  found  in  the  **  vein- 
stone,*' of  epidote  and  quartz,  which  grade  into  the  walls.  A  determination  of  the 
amount  of  copper  in  a  carefully  selected  average  sample  of  the  epidotic  rock  gave  me 
2.61  per  cent. 

**  Vein  **  No.  3  is  fifty  feet  north  of  No.  2.  It  is  a  belt  of  the  common  epidotic 
altered  amygdaloid,  with  impregnations  of  copper  in  the  walls.  More  work  has  been 
done  upon  it  than  upon  all  of  the  other  deposits.  It  has  been  followed  about  2,000  feet. 
Vae  gangue  is  a  quartzose  epidotic  rock  carrying  shot  and  nugget  copper.  Several 
nuggets  weighing  over  twenty  pounds  each  have  been  taken  out.  An  analjrsis  of  what 
was  regarded  as  a  fail  average  sample  of  a  pile  of  the  vein  stuff,  gave  me  3.50  per  cent. 
of  copper.  Of  course  I  do  not  intend  to  assert  that  the  entire  vein  will  average  that 
amount.  The  country  rock  is  a  dull  ash  colored  diabase,  very  amygdaloidaL  The 
amygdules  are  chiefly  prehnite  and  calcite.  Two  shafts  have  been  sunk,  300  feet  apart, 
each  to  a  depth  of  thirty  or  forty  feet.  The  bed  is  from  twenty  to  forty  inches  wide  and 
dips  about  40**  to  the  south.    It  grades  somewhat  into  the  country  rocks. 

••  Vein  *'  No.  4.  But  very  little  prospecting  has  been  done  upon  this.  If  metallic  de- 
posits are  found  here  they  will  probably  be  impregnations.  Work  was  discontinued 
upon  this  location  in  December,  1873,  and  has  not  been  resumed.  "  Hard  times  **  was 
the  alleged  cause  for  the  discontinuance.  Several  thousand  dollars  were  expended  upon 
this  mine,  and  buildings  suitable  for  the  accommodation  of  forty  men  were  erected. 
Upon  a  reexamination  of  the  location  in  the  spring  of  1877,  the  buildings  were  found 
to  be  in  good  condition,  but  as  the  shafts  were  filled  with  water,  and  no  additional 
stripping  or  test-pitting  had  been  done  since  my  former  visit,  very  little  additional  in- 
formation was  obtained. 
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From  the  present  facts  aoeei^ble  to  me,  it  is  impossible  to  condemn  or  approve  the 
mine.  If  copper  shall  hereafter  be  proven  to  exist  in  quantities  safficient  to  remunerate 
the  easfemB  of  mining  it,  the  indications  are  that  it  \dll  be  found  in  the  vein-stone  as 
•*8!amp-work."  The  facilities  for  conveying  the  ore  from  the  mine  to  the  Brule,  only 
one  mile  distant,  and  working  it  with  stamps,  are  particularly  noticeable.  The 
descent  from  the  mine  to  the  river  is  gradual,  and  about  200  feet  The  expense, 
therefore,  of  conveying  the  ore  to  the  river  and  working  it  under  stamps,  which  should 
be  run  by  water  power,  would  be  merely  nominal.  The  soil  upon  the  range  in  the 
vicinity  of  the  mine  is  excellent,  and  the  timber,  consisting  of  sugar  maple,  oak  and 
birch,  exists  in  great  abundance. 

How  and  where  to  search  for  deposits  of  copper.  It  is  not  at  all  improbable  that 
much  more  valuable  deposits  of  copper  exist  in  the  cupriferous  series  of  Douglas  and 
Bayfield  counties,  than  have  yet  been  discovered.  Exposures  of  the  rock  in  which  these 
deposits  may  be  expected  to  occur  are  rarely  met  with  except  in  the  vicinity  of  the 
streams,  so  universal  is  the  distribution  of  the  drift.  In  many  places,  however,  upon 
the  range  of  Douglas  county,  the  drift  is  light,  and  might  readily  be  removed,  at  any 
point  where  there  are  indications  of  a  deposit  in  the  underlying  rocks.  Of  course  such 
indications  are  difficult  to  discover.  They  may  sometimes  be  found  by  tracing  pebbles 
and  fragments  of  rock,  found  in  the  channels  of  small  streams,  or  in  the  drift,  in  their 
origin.  If  the  indications  are  found  in  the  channels  of  streams,  or  dry  runs,  the  water- 
course must  evidently  be  followed  up,  if  in  the  drift;  always  remember  in  tracing  them, 
that  the  movement  of  the  drift  was  from  the  north  or  northeast. 

It  is  known  that  deposits  of  metallic  copper  usually  occur  in  belts  of  rock,  having  an 
unusually  large  amount  of  the  magnetic  oxide  of  iron.  It  is  said  that  explorers  in  the 
Michigan  copper  districts  frequently  take  advantage  of  this  feict,  and  carefully  watch 
the  magnetic  needle.  At  localities  where  the  local  attraction  or  variation  is  greatef^t, 
they  make  careful  and  minute  examinations.  From  personal  observations,  I  am  unable 
to  state  whether  or  not  this  can  be  relied  upon. 

By  referring  to  the  geological  map  of  this  portion  of  the  state,  it  will  be  observed  that 
all  of  the  mines  and  all  of  the  reported  **  veins,"  except  that  at  the  upper  faUs  of  Black 
river,  which  was  a  small  impregnation,  are  within  one-half  mile  of  the  line  of  junction 
of  the  eruptive  rocks  and  the  Lake  Superior  sandstones.  The  most  favorable  known 
belt,  then,  for  the  occurrence  of  metalliferous  deposits,  is  from  the  sandstones  about  a 
half  mile  to  the  south,  along  the  northern  face,  and  on  the  summit  of  the  range.  A 
belt  2,000  feet  wide  will  include  nearly  all  of  the  known  deposits. 

I  would  also  suggest  that  careful  search  be  made  very  dose  to  the  sandstones,  in  fact, 
between  them  and  the  crystalline  rocks.  Deposits  of  metallic  copper  may  be  discovered 
almost  anywhere  south  of  the  sandstones  in  Douglas  or  Bayfield  counties.  An  almost 
totally  unexplored,  and  very  inviting  field  to  the  explorer,  is  along  Moose  river,  and  in 
the  townships  to  the  west  from  it  The  drift  is  not  heavy  in  this  region,  and  many 
small  oopper  boulders  are  found  to  the  south  of  it.  Conglomerates  and  sandstones 
overlie  the  eruptive  crystalline  rocks,  which  are  doubtless  the  equivalents  of  the  Isle 
Royale  copper-bearing  beds,  and  of  the  great  beds,  in  the  other  side  of  the  synclinal,  in 
which  the  vast  deposits  of  Michigan  are  found. 
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INTRODUCTION. 


The  greater  portion  of  the  data  upon  which  the  following  report  is 
based,  was  gathered  by  the  late  Moses  Strong,  in  the  years  1876  and 
1877.*    In  the  former  year,  a  belt  extending  from  St.  Croix  Falls, 
on  the  Minnesota  border,  northeastward  to  the  waterslied  of  Lake 
Superior,  was  examined  by  him,  and  in  the  spring  of  1877,  he  inves- 
tigated a  triangular  area  lying  between  this  belt  and  the  territory  ex- 
amined by  Mr.  Sweet  on  the  north.    With  the  exception  of  the  sur- 
face description  of  the  townships,  which  will  be  found  included  in 
this  report,  liis  notes  at  the  time  of  his  lamented  decease  had  not  been 
wrought  into  a  formal  report.    These  notes  form  the  main  basis  of 
this  report.    It  is  to  be  borne  in  mind  that  all  geological  field  notes, 
however  well  taken,  are  more  or  less  provisional  in  their  nature  and 
abbreviated  in  expression;  and  in  their  elaboration  into  a  final  report, 
the  memory  of  the  observer,  aided  by  subsequent  study  and  reflec- 
tion, plays  an  important  part;  and  practical  geologists  will  appreciate 
the  difficulties  of  preparing  a  report  on  the  basis  of  another's  notes. 
In  the  present  instance,  the  nature  of  the  formation  increases  the 
difficulty.    The  rocks  of  the  region  are  largely  fine-grained  crystalline 
species  of  igneous  origin,  modified  by  subsequent  chemical  and  molecu- 
lar changes,  so  that  it  is  quite  impossible,  in  many  cases,  to  determine 
their  exact  nature  by  simple  inspection  in  the  field.     Only  careful 
chemical  and  microscopical  examination,  subsequently,  in  the  labora- 
tory, is  competent  to  decide  many  questions,  and  hence  the  use,  for 
the  time  being,  of  provisional  terms  and  conventional  phrases  is  well 
nigh  a  necessity.    No  one  can  interpret  these  in  the  light  of  subse- 
quent study  so  well  as  the  observer  himself.     An  additional  embar- 
rassment arises  from  the  fact  that  it  was  impracticable  to  take  speci- 
mens from  all  outcrops  examined,  much  less  a  full  suite  from  the 
different  layers  or  varieties  of  rock  in  a  given  locality.    The  territory 

*The  drcamstances  attending  the  death  of  Mr.  Strong,  while  engaged  in  the  active 
prosecution  of  the  survey,  may  be  found  in  the  annual  report  for  1878,  pp.  11-13. 
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belongs  to  the  great  forest  region  of  northern  Wisconsin,  in  which 
the  only  practicable  means  of  exploration  is  by  traveling  on  foot,  and 
packing  tent,  provisions,  instruments  and  specimens  on  the  back. 
Under  these  conditions,  it  will  be  at  once  evident  that  the  number  of 
specimens  was  necessarily  limited,  when  it  is  stated  that,  in  1876,  when 
the  larger  part  of  the  field  work  was  done,  the  party  left  St.  Croix 
Falls  on  the  15th  of  July,  and  only  reached  Lake  Superior  on  the  23d 
of  September,  having  traveled  on  foot,  the  most  of  the  time  under 
burden,  over  one  thousand  miles,  with  but  a  single  opportunity  to 
send  out  specimens. 

Notwithstanding  these  diflSculties,  it  has  been  the  hope  and  en- 
deavor of  the  writer  to  so  compile  the  observations  that  they  shall 
stand  as  an  additional  monument  of  the  merit  of  his  deeply  lamented 
associate. 

The  specimens  collected  have  passed  under  the  skillful  hands  of 
Prof.  Pumpelly,  and  a  portion  of  them  have  been  sliced  and  micro- 
scropically  examined  by  him,  and  this  has  been  of  inestimable  value 
in  the  preparation  of  the  report. 

For  the  purpose  of  becoming  somewhat  familiar  with  the  general 
aspect  of  the  region,  of  adding  some  new  data,  and  of  verifying  some 
points  of  doubt,  the  writer  has  twice  briefly  visited  the  district  since 
he  began  the  study  of  Mr.  Strong's  notes.  During  these  he  was  much 
aided  by  Mr.  D.  A.  Caneday,  who  was  Mr.  Strong's  assistant,  and 
whose  verbal  descriptions  have  been  of  important  service. 

T.  0.  C. 

Beloit  College,  July  2j,  iSjg. 
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CHAPTER  I. 

SUKFACE  FEATURES. 

Topography.  The  district  about  to  be  considered  may  be  conven- 
iently described  as  including  that  portion  of  the  basin  of  the  St 
Croix  river  which  lies  north  of  township  31,  except,  of  course,  that 
part  which  is  included  in  the  adjoining  state  of  Minnesota,  and  a 
small  area  on  the  northern  border  included  in  the  district  already 
described  by  Mr.  Sweet.  It  is  mainly  embraced  within  the  counties 
of  Polk  and  Burnett,  but  the  extreme  northwestern  corners  of  Barron 
and  Chippewa,  the  southwestern  township  of  Ashland,  and  the  south- 
em  margin  of  Douglas  counties,  are  also  included.  But  as  these 
are  mainly  new  and  large  counties,  whose  boundaries  are  liable  to  be 
soon  changed,  little  reference  will  be  made  to  them  in  this  report; 
and  the  region  will  be  discussed,  either  on  the  basis  of  its  natural 
topographical  relations,  or,  where  greater  precision  is  desired,  recourse 
will  be  had  to  the  more  permanent  and  systematic  artificial  divisions 
found  in  the  township  system. 

The  district  constitutes  an  elongated  area,  having  a  N.  E.  and  S. 
W.  trend,  embracing  about  3,000  square  miles.  The  channel  of  the 
St  Croix  river  runs  along,  or  near,  the  northern  margin,  and,  at 
length,  the  western,  so  that  the  immediate  slope  of  the  surface  is  for 
the  greater  part  northwestward;  at  the  same  time,  the  inclination  and 
discharge  of  the  valley  is  toward  the  southwest  and  south.  This, 
while  not  an  especially  unusual  feature,  is  a  departure  from  the  sym- 
metrical slopes  of  an  ideal  river  basin. 

It  would  scarcely  merit  mention,  however,  except  for  its  geological 
relations  and  significance.  It  is  a  somewhat  singular  and  quite  inter- 
esting fact  that  the  St  Croix  river  takes  its  origin  within  the  area  of 
the  stratigraphical  trough  of  Lake  Superior,  and  discharges  into  the 
broad  synclinal  basin  that  stretches  southward  into  Minnesota  and 
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beyond;  and  it  is  also  interesting  to  note,  more  precisely,  that,  in  its 
upper  portion,  the  St  Oroix  channel  lies  very  nearly  in  the  axis  of 
the  Lake  Snperior  stratigraphical  trough,  and  that,  in  the  southern 
portion,  it  likewise  lies  near  the  center  of  the  broad  depression  of  the 
strata  that  extends  for  an  undetermined  distance  southward,  though 
in  the  latter  case  it  is  impossible  to  speak  with  exactness,  owing  to 
the  breadth  of  the  trough  and  the  presence  of  minor  undulations 
within  it.  It  is  probable  that  it  lies  somewhat  east  of  the  main  axis. 
It  will  be  observed  that  the  upper  portion  of  the  valley  of  the  St 
Croix  trends  southwestward,  while  the  lower  course  is  nearly  due 
south.  If  we  projex5t  the  upper  course  to  the  northeast,  it  will  coin- 
cide with  the  major  axis  of  Lake  Superior.  If  we  likewise  extend 
the  axis  of  the  lower  valley,  it  will  approximately  coincide  with  the 
broad  stratigraphical  valley  of  southern  Minnesota.  It  appears  that 
the  axes  of  these  two  synclinal  troughs  approach  each  other  quite 
obliquely  near  the  middle  of  the  St  Croix  valley.  The  low  ridge  in  the 
basal  formations  which  separate  these  two  basins,  appears  to  cross  the 
valley  of  the  St.  Croix  near  the  southern  limits  of  the  district  under 
consideration.  The  division  of  the  region  into  the  upper  and  lower 
St  Croix  districts,  therefore,  while  geographically  arbitrary,  has, 
geologically  considered,  profound  significance.  The  upper  St  Croix 
district,  though  a  portion  of  the  Mississippi  drainage  system,  is  geo- 
logically associated  with  the  formations  of  the  Lake  Superior  region. 
Indeed,  our  district  may  be  defined  as  that  portion  of  the  Lake  Supe- 
rior geological  iasin  that  lies  within  the  Mississippi  drainage  basin. 
In  the  preceding  reports,  it  has  been  made  suflSciently  clear  that 
the  copper-bearing  or  Keweenaw  beds  of  Lake  Superior  are  deeply 
depressed  along  the  central  line,  and  that  the  upturned  edges  form  the 
ridges  on  either  side  of  the  great  lake.  It  is  the  southern  edge  of  the 
strata  thus  upturned  that  forms,  approximately,  the  southeastern 
watershed  of  the  St  Croix  basin,  and  it  is  the  slope  of  these  strata  to 
the  northwest  that  appears  to  determine  the  surface  inclination  in 
that  direction  already  alluded  to.  "While  this  may  seem  to  afford  a 
very  evident  and  satisfactory  explanation  of  the  slope  of  the  sides 
toward  the  axis  of  the  trough,  it  leaves  unexplained  the  fact  that  the 
St  Croix  river  flows  awayftom^  instead  of  toward,  the  great  strati- 
graphical basin  occupied  by  Lake  Superior,  and  that  the  area  now 
belongs  to  the  Mississippi  drainage  system.  The  anomaly  which  this 
seems  to  present  will  largely  be  removed,  when  we  consider  that,  sub- 
sequently to  the  formation  of  the  Lake  Superior  basin  by  the  flexure 
of  the  copper-bearing  and  earlier  strata,  the  Silurian  sea  advanced 
from  the  south,  and  eroded  and  overwhelmed  the  rim  of  the  basin  — 
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in  the  St.  Croix  region  —  and  deposited  over  the  whole  the  Potsdam 
sandstone,  forming  a  new  surface^  which  doubtless  sloped  seaward; 
i.  e.y  toward  the  Mississippi  basin.  We  have  no  positive  knowledge 
that  any  marine  deposits  later  than  the  Potsdam  were  ever  formed 
over  this  region,  bat  there  is  much  indirect  evidence  making  it  prob- 
able that  such  was  the  case.  This  subject  will  be  discussed  elsewhere 
All  that  concerns  us  here  is  the  explanation  of  the  topographical  fea- 
tures which  the  region  now  presents,  and  for  that  purpose  the  above 
fact  is  sufficient. 

When  the  sea  retreated  after  having  covered  the  region  with  Silu- 
rian strata,  the  drainage  would  naturally  follow  it,  and,  having  once 
established  its  channel  in  the  surface  strata,  would  remain  permanent 
without  regard  to  the  nature  or  dip  of  the  underlying  beds.  There 
are  many  similar  anomalous  features  in  the  drainage  systems  and  the 
resulting  topography  of  the  Lake  Superior  region,  to  which  a  similar 
explanation  is  applicable. 

This  explanation  does  not  apply,  Iiowever,  to  the  immediate  chan- 
nel of  the  St.  Croix  river,  for  it  is  clear  that  that  was  formed  after  the 
glacial  period,  and  its  special  course  was  determined  largely  by  drift 

Fio.  1. 
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accumulations;  but  there  seems  to  the  writer  no  sufficient  evidence  for 
believing  that  the  basin,  as  a  whole,  was  of  glacial  origin,  and  it  is  cer- 
tainly not  post-glacial.  The  later  drift  movement  was  across  the  valley,  a 
direction  not  favorable  to  its  excavation.  We  cannot  speak  positively  as 
to  the  glacial  course  in  the  earlier  portion  of  the  ice  period,  for  the 
grooving  and  fluting  that  remain  are  the  last  that  was  impressed  on 
the  rocks,  and  it  is  possible  to  suppose  that  at  an  earlier  stage  the 
movement  might  have  been  in  a  different  direction.  There  is,  how- 
ever, a  total  absence  of  evidence  that  such  was  the  case,  and  a  like 
want  of  evidence  that  any  profound  erosion  was  accomplished  by  the 
drift  agencies,  either  earlier  or  later.  As  will  hereafter  be  seen  by 
the  perusal  of  the  detailed  descriptions,  one  of  the  most  marked  and 
common  forms  of  the  outcropping  ledges,  consists  of  a  serrate  outline 
or  a  stair-like  arrangement  of  the  strata,  each  massive  bed  of  oruptive 
rock  forming  a  step,  presenting  an  inclined  surface  in  the  direction  of 
dip  and  an  abrupt  face  in  the  opposite  direction,  as  shown  in  the  pre- 
ceding figure,  which  is  Sijac  simile  of  a  profile  taken  by  Mr.  Strong. 
Vol.  III.- 21 
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The  drift  groovings  and  flatings  strike  across  these  steps^  and  jet 
the  glacial  agencies  were  manifestly  too  feeble  in  abrading  power  to 
bevel  the  projecting  edges  of  the  strata  to  a  common  plane;  how 
much  less,  then,  to  excavate  the  St.  Croix  basin.    If,  at  an  earlier  stage 
in  the  glacial  period,  the  movenlent  of  the  abrading  ice  was  parallel 
to  the  valley,  and  hence  to  the  strike  of  the  step-like  projections,  it 
may  fairly  be  supposed  to  have  left  some  traces  of  the  fact  in  a  longi- 
tudinal fluting  and  abrasion  of  these,  since  the  conditions  for  pres- 
ervation are  exceptionally  favorable;  but  no  such  traces  have  been 
observed.    Moreover,  it  would  be  all  the  more  remarkable  that  abrupt 
prominences,  such  as  abound  in  the  southeastern  part  of  the  valley, 
should  remain,  if  the  region  had  been  subjected  to  a  cross  filing  at  the 
hands  of  successive  glacial  rasps.    We  are  not  concerned  here  with 
the  general  question  of  the  competency  of  glaciers  to  excavate  broad 
and  deep  valleys  under  favorable  circumstances,  which,  at  present,  we 
are  rather  inclined  to  accept  than  dispute,  but  with  the  simple  ques- 
tion whether  or  not  the  St.  Croix  valley  owes  its  origin  to  glacial 
agency;  and  this  we  are  compelled  by  the  evidence  to  answer  in  the 
negative,  so  far  as  the  general  features  of  the  basin  are  concerned.    It 
appears  from  the  data  at  command  that,  while  the  older  formations 
had  previously  undergone  much  wear,  the  definite  excavation  of  the 
St.  Croix  basin  by  its  own  drainage  did  not  commence  till  after  the 
Potsdam  period  —  not  until  about  the  Devonian  age,  in  the  judgment 
of  the  writer — and  that  it  was  well  advanced  at  the  commencement 
of  the  glacial  period;^  that  during  that  period,  it  was  both  eroded  and 
filled ;  but,  lying  in  the  main  out  of  the  great  channel  of  glacial  flow, 
it  gained  in  material  rather  than  lost;'  was  more  fllled  than  excavated; 
and  that  the  minor  topographical  features  and  the  special  channels  of 
the  streams  are  of  glacial  and  post-glacial  origin. 

Minor  topography.  If  we  descend  to  a  more  special  study  of 
the  superficial  contour  of  the  district,  we  shall  find  it  presenting 
nothing  bold  and  striking;  while,  on  the  other  hand,  it  is  not  without 
something  of  diversity.  Its  surface  types  may  mainly  be  gathered 
into  three  classes:  (1)  the  level  areas,  (2)  the  rolling  and  swelling  hill 
districts,  and  (3)  the  knoll  and  basin  combination. 

The  first  includes  the  so-called  "barrens,"  which  border  tlie  larger 

*Gen.  G.  K.  Warren  has  attempted  to  show  (Am.  Jour.  Sci.,  Dec,  187:*)  that  the 
Mississippi  valley  above  the  Ohio  has  been  formed  ''since  the  deposition  of  the  gUdal 
drift'*  While  this  may  be  true  of  the  upper  portion  in  Minnesota,  it  is,  I  tfi^lr, 
demonstrably  not  true  of  the  portion  lying  on  the  border  of  Wisconsin. 

'  This  opinion  is  expressed  only  of  the  restricted  district  under  consideration,  and  prob- 
ably may  not  be  true  of  the  northwestern  border  of  the  area  drained  by  the  St  Croix 
river,  since  that  lies  more  nearly  within  the  main  drift  channel 
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streams,  and  some  elevated  plateaus,  together  with  smaller  scattered 
areas.  The  third  class  may  be  described,  in  general  terms,  as  a  belt 
lying  near  the  southeastern  watershed,  and  stretching  from  the  vicin- 
ity of  Lake  Nemakagon  southwestward  to  the  St.  Croix.  The  second 
class  includes  most  of  the  territory  that  remains. 

There  are  also  some  very  limited  areas  where  the  projecting  strata 
give  to  the  surface  their  peculiar  cliff-and-slope  contour,  and  others 
wherein  river  terraces  are  a  conspicuous  feature.  Details  in  respect 
to  topography  may  be  found  on  subsequent  pages,  in  the  township 
descriptions  left  by  Mr.  Strong,  and  to  some  extent  under  the  head  of 
Quaternary  Formations.  Concerning  these  special  details  of  surface 
contour,  it  is  to  be  remarked  that,  in  the  main,  they  are  not  pri- 
marily due  to  drainage  erosion,  although  they  have  been  somewhat 
modified  by  it.  When  a  surface  has  been  carved  out  simply  by  sur- 
face wear,  it  presents  a  complete  system  of  drainage  channels,  which 
usually  gather  themselves  together  in  regular  dendritic  symmetry, 
and  the  surface  has  a  correspondingly  methodical  contour.  All  its 
features  are  readily  traced  to  the  carving  agency.  There  is,  from  the 
nature  of  the  case,  an  absence  of  lakes  and  marshes,  except  in  the  river 
bottoms.  This  is  beautifully  exemplified  in  the  driftless  region.  But 
in  the  upper  St.  Croix  district,  the  surface  is  such,  in  many  instances, 
as  could  not  be  produced  by  surface  drainage.  There  are  thousands  of 
depressions  whose  excavation  cannot  be  explained  by  the  action  of  ordi- 
nary surface  streams.  Several  hundred  of  these  are  occupied  by  lakes 
without  inlet  or  outlet.  See  Atlas  maps  XIX  and  XX.  Besides  these 
decisive  features,  the  configuration  of  the  hills  and  valleys  is  such  as  to 
indicate  to  the  practiced  eye  some  other  agency  than  simple  sub-aerial 
erosion.  This  is  true  more  especially  of  the  second  and  third  classes, 
which  may  be  said,  for  want  of  a  better  term,  to  present  a  drift  or 
glacial  topography;  the  second  being  the  more  common  form  for 
wide-spread  drift  deposits,  while  the  third  presents  a  less  usual 
morainic  contour.  The  first  class  we  shall  find  reason  to  attribute  to 
the  action  of  surface  waters,  acting  under  special  conditions. 

Altitudes.  Concerning  the  altitudes  of  the  district,  our  data  is 
quite  imperfect.  The  field  party  of  1876,  by  whom  most  of  the 
exploitation  was  performed,  were  in  the  woods  continuously  from  the 
loth  of  July  to  the  23d  of  September,  without  once  having  an  oppor- 
tunity  to  refer  to  any  point  whose  elevation  was  known;  and  being, 
on  the  average,  about  75  miles  distant  from  any  point  where  system- 
atic observations  were  being  taken  by  a  stationary  barometer.  It  is 
impracticable,  under  such  circumstances,  to  secure  trustworthy  results 
with  an  aneroid  barometer. 
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The  only  railway  traversing  any  portion  of  the  upper  St.  Croix 
basin,  is  the  Lake  Superior  &  Mississippi  K  R,  in  Minnesota,  the 
elevations  along  which  are  given  in  the  First  Annual  Report  of  the 
Greological  and  Natural  History  Survey  of  Minnesota,  1872,  p.  49. 
Along  this  line  the  altitudes,  above  Lake  Michigan,  vary  from  317  feet 
at  Wyoming  Station,  opposite  St.  Croix  falls,  to  586  feet  at  the  sum 
mit  within  33  miles  of  Lake  Superior.  Mr.  Sweet  gives  the  water- 
shed between  the  sources  of  the  St.  Croix  and  Brule  rivers  as  about 
445  feet. 

The  St.  Croix  river  below  the  falls  at  low  water  is  about  52  feet  above 
Lake  Michigan,  making  the  entire  fall  of  the  river  within  the  district 
about  393  feet.  Some  of  the  tributaries  on  either  hand,  however,  have 
a  greater  descent. 

Drainage.  The  total  drainage  area  of  the  St.  Croix  river  above 
the  falls,  is  6,000  square  miles.  It  has  already  been  seen  that  the  in- 
clination of  the  surface  is  considerable,  and  the  total  fall  from  the 
watershed  to  the  St.  Croix  falls  quite  large.  The  streams  generally 
run  briskly  and  falls  and  rapids  are  numerous.  Were  the  surface 
contour  entirely  subordinate  and  subservient  to  the  drainage  sys- 
tem, as  it  is  in  the  driftless  region,  and  as  it  may  become  here,  under 
the  wear  of  ages,  the  rainfall  would  be  very  promptly  discharged  from 
the  district,  too  promptly  for  the  good  of  the  region,  or  the  safety  of 
property  in  the  valley  below.  There  are,  however,  numerous  small 
depressed  areas  scattered  over  the  district,  that  have  no  visible  out- 
ward channel  of  discharge,  and  the  waters  collected  in  these,  either 
sink  into  the  earth  or  return  to  the  atmosphere  through  evaporation. 
In  many  of  these  cases,  the  open  nature  of  the  drift  in  which  they 
are  situated,  doubtless  affords  a  ready  passage  for  the  accumulated 
water,  not,  perhaps,  of  the  nature  of  a  definite  underground  channel 
but  rather  of  a  porous  medium  through  which  the  waters  percolate 
with  facility.  The  existence  of  lakes  in  such  depressions,  however, 
unless  their  surfaces  lie  at,  or  near,  the  common  underground  water 
level,  is  to  be  taken  as  evidence  of  an  impervious  bottom ;  and  the 
varying  height  of  adjacent  isolated  lakes  is  to  be  accepted  as  satisfac- 
tory proof  of  the  absence  of  free  underground  communication  of  any 
kind.  Aside  from  these  basins  which  have  no  visible  connection  with 
the  general  river  system,  there  are  shallower  depressions  whose  means 
of  discharging  accumulated  waters  are  imperfect,  and  which,  there- 
fore, become  marshes  or  lakes.  There  are  some  extensive  cranberry 
marshes  in  the  town  of  Marshland  and  elsewhere,  and  tamarac  and 
cedar  swamps  abound  in  certain  sections.  On  the  whole,  however, 
marshy  tracts  are  less  prevalent  than  might  be  inferred  from  the  un- 
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usual  number  of  lakelets,  these  having  to  a  large  extent  steep,  dry 
shores,  with  little  associated  marsh.  The  number  of  lakes  visibly 
connected  with  the  river  system  is  large,  thongh  it  probably  does  not 
include  half  of  those  embraced  in  the  district.  These,  in  their  nat- 
ural state,  have  performed  a  very  important  function  in  regulating 
the  drainage  discharge  of  the  region  by  acting  as  reservoirs,  tempo- 
rarily staying  the  too  rapid  rush  of  floods.  This  function  has  been 
considerably  increased  by  the  erection  of  dams  on  their  outlets  in  the 
interest  of  lumbering.  These  dams  are  closed  so  as  to  retain  the 
floods  as  much  as  possible,  and  are  subsequently  opened  gradually,  so 
as  to  discharge  the  accumulated  waters  as  they  may  be  needed  to  main- 
tain a  "  driving  stage  "  of  water  for  floating  out  the  logs.  This  check- 
ing and  regulation  of  the  floods  affect,  of  course,  the  whole  stream 
below,  even  as  far  as  the  gulf,  though  with  continually  diminishing 
effects.  In  the  future  development  of  the  region,  these  lake  reser- 
voirs are  competent  to  play  a  much  more  important  part.  The  St. 
Croix  river  and  its  tributaries  offer  very  large  water  power  facilities. 
These,  though  not  now  utilized,  will,  in  the  judgment  of  the  writer, 
be  called  into  requisition  in  the  not  distant  future;  and  to  give 
steadiness  and  reliability  and  freedom  from  damaging  floods,  a  well 
regulated  reservoir  system  is  indispensable.  A  further  important 
advantage  to  be  derived  from  such  reservoirs,  will  be  the  mainte- 
nance of  a  more  uniform  stage  of  water  in  the  Mississippi,  thus 
greatly  facilitating  its  navigation. 

If  all  the  lakes  on  the  headwaters  of  the  Mississippi  were  utilized 
as  storage  basins,  and  drawn  upon  during  low  stages  of  water,  a  very 
large  advantage  both  to  water  powers  and  navigation  would  result. 
A  secondary  effect  would  probably  be  the  transportation  down  stream 
of  less  sand  and  silt,  whose  accumulation  in  the  river  channels  forms 
the  most  serious  permanent  impediment  to  navigation. 

The  water  of  the  region^  owing  to  the  fact  that  it  passes  almost 
exclusively  over  trappean  rocks  and  sandstones,  and  the  drift  derived 
from  them,  is  generally  quite  soft,  and  contains  but  a  small  percent- 
age of  mineral  ingredients.  It  is  usually  amber  colored,  from  the 
presence  of  organic  coloring  matter.  The  water  of  many  of  the 
smaller  streams  is  pure  and  cool,  and  abounds  in  brook  trout.  Below 
St.  Croix  falls,  the  Potsdam  sandstone  is  calcareous  in  certain  hori- 
zons, and  near  Osceola,  is  capped  with  Lower  Magnesian  limestone; 
and  from  these  sources  calcareous,  magnesian  and  other  salts  are 
derived  by  the  waters  percolating  through  them.  The  water,  thus 
charged,  on  reaching.the  face  of  exposed  cliffs,  usually  deposits  a  por- 
tion of  the  lime  and  magnesia  held  in  solution,  forming  travertine,  or 
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calcareous  tufa.  This  deposit  is  common  along  the  cliffs  bordering 
the  river,  especially  in  the  vicinity  of  Osceola,  where  it  is  burned  for 
lime.  At  some  points  the  deposit  has  taken  the  form  of  a  coating  of 
vegetation,  especially  moss,  which  is  then  popularly  termed,  not  with 
strict  propriety,  petrified  moss. 

Sjpringa  issue  quite  frequently  from  the  Potsdam  sandstone  of  this 
vicinity.  One  of  these  has  attracted  considerable  attention,  and  a 
commodious  hotel  has  been  erected  in  its  vicinity  to  accommodate 
those  who  resort  to  it  for  its  hygienic  and  remedial  effects.  It  is 
known  as  the  "  St  Croix  Mineral  Spring^'^  and  is  beautifully  situ- 
ated on  the  east  bank  of  the  St.  Croix  river,  about  a  mile  and  a  half 
below  the  village  of  Osceola  Mills.  Its  horizon  is  about  100  feet  below 
the  top  of  the  Potsdam  series.    An  analysis  of  the  water,  by  Dr.  J. 

V.  Z.  Blaney,  gives  the  following  results: 

Gfxtins  in  1  gaUon. 

Chloride  of  sodium 053 

Sulphate  of  soda 524 

Bi-carbonate  of  soda 790 

Bi-carbonate  of  lime 11.193 

Bi-carbonate  of  magnesia 7.248 

Iron  and  alumina 492 

Silica 265 

Organic  matter a  trace 

Total 20.565 


Lakes.  In  addition  to  what  has  been  said  of  the  lakes  of  the 
region  as  an  element  of  the  drainage  system,  and  in  addition  to  the 
fact  already  suflSciently  indicated,  that  more  than  one-half  of  them 
are  without  visible  outlet,  it  may  be  remarked  that  they  form  in  the 
main  two  classes,  in  respect  to  their  topographical  situation  and  sur- 
roundings. The  one  class  are  sunken  in  the  surface  of  the  level  areas 
previously  mentioned;  the  other  occupy  depressions  in  broken,  hilly 
belts.  There  are  a  considerable  number  of  lakes,  however,  that  do 
not  clearly  belong  to  either  of  these  classes,  but,  compared  with  the 
vastly  larger  number  which  do,  they  cannot  be  said  to  form  a  verj 
important  exception.  By  examining  the  atlas  maps,  areas  J  and  K, 
plates  XIX  and  XX,  it  will  be  seen  that  the  lakes  are  grouped  into 
two  main  belts,  stretching  N.  E.  and  S.  W.  One  of  these  lies  imme- 
diately southeast  of  the  upper  St.  Croix  river  and  parallel  to  it,  from 
its  headwaters  to  its  turn  southward.  The  lakes  of  this  belt  lie 
mainly  in  the  sand  and  gravel  plains,  known  as  the  "barrens." 
While  sometimes  shallow,  in  many  cases  they  occupy  abrupt  depres- 
sions in  an  otherwise  nearly  uniform  plain.  There  are  similar  lakes 
in  some  of  the  level  clay  tracts. 
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The  second  belt  of  lakes  is  situated  in,  or  closely  associated  with,  a 
range  of  drift  hills  and  ridges  occupying  the  southeastern  watershed 
of  the  St.  Croix  valley,  and  forming  a  part  of  the  great  Kettle 
moraine,  a  portion  of  which,  with  its  associated  lakes,  was  fully 
described  in  Vol.  II,  pp.  139,  205,  615  et  aeq.  The  greater  num- 
ber of  these  lakes  occupy  depressions  in  the  peculiarly  irregular  sur- 
face that  characterizes  that  formation.  Some,  however,  are  quite 
analagous  to  the  former  class  in  that  they  occur  as  basins  in  level 
areas  flanking  or  included  within  the  range. 

There  are  other  lakes  in  the  district  that  do  not  belong  to  either  of 
these  classes,  and  have  little  that  is  peculiar  or  interesting  connected 
with  them. 

All  these  are  drift  lakes;  none  of  the  several  hundred  are  known 
to  occupy  basins  excavated  from  the  rock.  They  are  simply  the 
aqueous  tilling  of  undrained  depressions  in  the  drift  surface,  and  as  such 
testify  to  the  limited  amount  of  general  denudation  which  the  surface 
has  experienced  since  the  drift  period.  They  stand  as  a  check  against 
extreme  views  as  to  the  amount  of  post-glacial  erosion,  while,  on  the 
other  hand,  the  excavation  of  the  deep  St.  Croix  channel  forbids  a  too 
meagre  view  of  post-glacial  time  and  its  effects. 

Soil  and  vegetatioii.  The  specific  details  relating  to  these  sub- 
jects, so  far  as  they  were  gathered,  may  be  found  under  the  descrip- 
tion of  the  townships  to  follow.  It  is  only  incumbent  here  to  present 
a  few  general  views. 

The  soil  of  the  so-called  "barrens"  or  "plains"  is  sandy  and  gen- 
erally poor.  It  is  not  uniformly  so,  however,  and,  although  there  is 
an  abundance  of  hardwood  lands  to  be  had  at  little  more  than  govern- 
ment prices,  a  considerable  number  of  farms  have  been  located  npon 
the  "barrens;"  and  it  is  stated  that  of  late  years  there  has  been  an 
increased  tendency  to  settle  on  these  more  open  and  readily  reclaim- 
able  lands,  especially  where  they  are  low  and  near  the  common  water 
level  beneath. 

The  timber  occupying  these  tracts  is  peculiar  and  does  not  justify 
the  application  of  the  term  "  barrens."  Some  portions  are  covered 
with  scrub  pine  to  the  exclusion  of  all  else  save  underbrush.  Most 
nearly  similar  to  these  are  the  patches  of  Norway  pine.  Other  areas 
are  covered  with  burr,  black,  and  even  white  oak  bushes,  with  occa- 
sional trees  of  these  species.  With  these  are  associated  the  common 
white  poplar,  or  trembling  aspen,  which  is  the  most  widely  prevalent 
and  abundant  arboreous  species.  Curiously  enough,  the  great  toothed 
poplar  is  not  uncommonly  associated  with  it.  There  are  also  areas 
where  white  pine  occurs  associated  with  both  poplars  named;  with 
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the  three  species  of  oaks  —  though  the  burr  oak  is  less  common  in  this 
group  — with  the  soft  maple,  and  with  scrub  and  red  pines,  forming  a 
very  strange  association  of  plants  that  usually  seek  quite  diverse  con- 
ditions of  soil  and  moisture.  Probably  the  explanation  is  to  be  found 
in  the  contribution  which  the  diabases  andmelaphyrs  —  the  prevalent 
crystalline  rocks  of  the  region  —  have  made  to  the  soil,  by  virtue  of 
which  it  is  less  purely  siliceous  than  most  soils  of  similar  physical 
appearance.  The  agricultural  capabilities  of  these  areas  are  probably 
greater  than  appearances  would  seem  to  warrant. 

Analagous  to  the  "  barrens,"  are  the  areas  known  as  "  hrush  prai- 
rle^^  and  simply  ^^prairiey  These  are  covered  with  a  scattered 
growth  of  the  shrubs  that  are  usually  associated  with  the  more  open 
timber  of  the  region,  but  fully  developed  trees  are  absent  On  some 
ef  these  "prairies,"  however,  young  trees  are  springing  up,  and  bid 
fair,  if  undisturbed,  to  attain  the  usual  size.  These  have  been  appealed 
to  as  examples  oi  prairies  returning  to  forest^  since  annual  fires  are 
no  longer  permitted  to  ravage  the  region.  So  far  as  these  areas  are 
concerned,  the  appeal  seems  to  be  well  taken,  save  that  we  might, 
perhaps,  justly  dissent  from  the  use  of  the  term  "prairies  "  as  applied 
to  them;  for  there  seems  to  be  no  evidence  that  these  ever  were 
prairies  in  the  sense  of  being  completely  and  compactly  covered  by 
prairie  grasses,  to  the  exclusion  of  all  shrubs  and  stubs  of  arboreous 
plants,  as  is  the  case  with  true  prairies.  They  rather  appear  to  have 
originally  been  open  forest  areas,  which,  on  account  of  the  character 
of  the  soil,  were  especially  subject  to  dryness,  and  thus  to  the  destruct- 
ive action  of  annual  fires;  while  moister  adjoining  areas  escaped. 
On  the  cessation  of  the  destructive  agent,  they  appear  to  be  returning 
to  their  normal  condition.  It  will  be  observed  that  even  under  this 
hypothesis,  the  primary  conditions  are  those  of  soil  and  moisture,  and 
that  annual  fires  are  impotent  without  them.  Otherwise,  these  so- 
called  prairies  should  have  covered  the  whole  region,  instead  of  being 
confined  to  circumscribed  areas.  While  conceding  to  annual  fires  all 
the  potency  that  there  seems  any  evidence  they  ever  exercised, 
they  do  not  seem  to  the  writer  competent  to  account  for  the  vast  tree- 
less plains  of  this  and  other  continents.  It  seems  also  an  open  ques- 
tion whether  the  meagerness  of  vegetation  on  the  so-called  "  barrens  " 
is  not  largely  due  to  the  repeated  fires,  which  not  only  destroy  the  life 
of  tlie  vegetation  best  adapted  to  such  a  soil,  but  also  consume  the 
dead  vegetable  matter  whose  accumulation  would  otherwise  cover  and 
enrich  the  soil. 

The  remainder,  the  greater  portion  of  the  region,  is  covered  with 
continuous  forest.     A  considerable  portion  of  this,  especially  in  Polk 
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county,  is  hard  wood,  and  belongs  to  the  group  described  on  page  179 
of  vohirae  11.  This  merges  into  the  mixed  hardwood  and  conifer 
group  (p.  180,  Vol.  II),  and  this  again  is  replaced  by  true  pine 
forests. 

The  soil  occupied  by  the  first  two  classes  is  of  an  excellent  loamy 
or  clayey  character,  while  that  covered  by  pine  is  more  arenaceous. 
When  the  wealth  of  forest  is  removed,  there  will  remain  large  agri- 
cultural capabilities. 

The  open  marshes  are  divided  between  the  hay  meadows  and  heath 
or  cranberry  marshes  (groups  X  and  XI,  pp.  181  and  182,  Vol.  II). 
The  former  are  very  important  to  the  lumbering  interest,  and  the  lat- 
ter are  receiving  some  culture  at  present,  which  will  doubtless  be 
much  increased  in  the  future. 

The  conifer  swamps  are  either  an  almost  impenetrable  jungle  of 
white  cedar,  or  are  covered  with  taraarac  and  spruce  (classes  XII,  XIII 
and  XIV,  pp.  182  and  183,  Vol.  II).  In  the  latter  classes,  the  growth 
is  usually  densest  near  the  margin,  and  not  unfrequently  the  center  is 
open.  These  marshes  contain  large  quantities  of  crude  peat,  and  not 
unfrequently  shell  marl. 

BRIEF  DESCRIPTION  OF  THE  SURFACE  FEATURES,  SOIL  AND  VEGETA- 
TION, BY  TOWNSHIPS. 

The  following  brief  descriptions  of  the  surface  characters  by  town- 
ships, are  inserted  as  left  by  Mr.  Strong,  almost  verbatim: 

Range  8  W.  Toitm  41,  This  township  is  very  hilly,  and  covered  with  drift  It  is 
heavily  timbered  with  hard  wood  and  some  white  pine.  There  is  some  good  hay 
meadow  along  Musquito  brook. 

Towfi  42.  This  town  is  traversed  from  section  2  to  section  31  by  the  Nemakagon 
river.  On  each  side  of  the  river  for  about  a  mile  and  a  half  is  a  strip  of  *'  barrens,'* 
with  some  Norway  pine;  the  rest  of  the  town  is  covered  with  heavy  timber  and  is  quite 
hilly. 

Town  43.  There  is  a  strip  of  "  barrens  "  in  the  southeast  part  of  the  town;  the  rest 
of  it  is  heavily  timbered  and  contains  considerable  pine.  The  township  is  hilly,  covered 
with  drift. 

Town  44.  The  township  is  densely  covered  with  hard  wood  timber,  such  as  maple, 
white  and  yellow  birch,  elm,  etc.  It  is  very  hilly,  and  contains  numerous  cedar  and 
tamarac  swamps  bordered  with  pine.  Outcrops  of  the  Copper-bearing  series  are  quite 
numerous. 

Town  45.  The  southern  part  of  the  township  is  similar  to  town  44.  The  northern 
and  western  parts  are  **  barrens,"  with  scattered  Norway  and  jack  pine. 

Town  46.    Consists  entirely  of  **  barrens  "  and  sandy  soil. 

Ran^e  9  W.  Town  41.  The  Nemakagon  river  flows  through  the  town  from  sec- 
tion 12  to  section  33.  There  is  a  strip  of  **  barrens  "  about  a  mile  wide  on  each  side  of 
the  river.  The  rest  of  the  town  is  heavily  timbered  with  pine  and  hard  wood.  The 
land  is  rolling  and  hilly. 
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Toum  42,  The  township  is  hilly  and  heavily  timbered;  there  are  also  many  cedar 
and  tamarac  swamps.  It  is  watered  by  the  Totogatig  river  and  its  tributaries.  The 
township  is  covered  with  drift. 

Toton  43.  This  township  is  rolling  and  contains  a  large  amount  of  white  cedar, 
spruce  and  tamarac  swamp.    It  is  covered  with  drift  and  heavily  timbered. 

Town  44,  The  southern  and  western  parts  of  the  town  are  very  hilly  and  heavily 
timbered;  the  remainder  is  occupied  by  the  Eau  Claire  lakes.  The  country  in  their 
vicinity  is  "  barrens." 

Ran^e  10  W.  Town 41.  In  this  township,  sections  25  to  36  are  "barrens,'*  with 
considerable  Norway  pine.  The  rest  of  the  township  is  quite  hilly,  and  covered  with 
white  pine  and  hard  wood  timber.    The  town  is  heavily  covered  with  drift. 

Town  42.  This  township  is  quite  hilly  and  heavily  timbered,  and  contains  numerous 
small  swamps,  llie  Totogatig  river  waters  the  northern  portion  of  the  town.  In  many 
places  the  soil  is  quite  good,  and  there  is  not  as  much  drift  as  usual;  outcrops  of  the 
copper-bearing  rocks  are  numerous. 

Town  43.  The  line  between  the  "  barrens  "  and  hardwood  timber  runs  from  section 
1  to  section  3,  following  the  course  of  the  Totogatig-once  river,  the  **  barrens  '*  occu- 
pying the  northwestern  half  of  the  town. 

Town  44.  This  town  lies  entirely  in  the  **  barrens,'*  and  contains  some  Norway  pine. 
The  soil  is  sandy. 

Range  1 1  W.  Town  37.  The  western  part  of  the  town  is  hilly.  The  eastern  part 
is  more  level  near  Long  lake.  There  is  considerable  Norway  and  white  pine  in  the 
western  part,  and  the  soil  is  sandy.  In  the  eastern  part  there  is  more  hard  wood  timber 
with  clay  soil  and  a  few  settiers. 

Town  38.  The  northern  portion  is  well  timbered  with  white  pine;  in  the  southern 
part  the  timber  is  scattering  and  ground  rolling.    The  soil  is  poor. 

Town  39.  The  southern  part  of  the  town  is  well  timbered,  with  white  pine;  the 
remainder  consists  of  **  barrens  **  covered  with  poplar  brush  and  jack  pine,  except  in 
the  central  part,  where  there  are  numerous  swamps  and  some  good  hay  meadows. 

Town  40.  Consists  chiefly  of  pine  **  barrens  **  and  sandy  soil.  The  land  is  hilly, 
except  in  the  valley  of  the  Nemakagon  and  its  tributaries,  where  there  are  some  good 
meadows. 

Town  41.  The  township  is  comparatively  level,  with  poor  soil.  There  is  some  white 
and  Norway  pine,  much  mixed  with  tamarac  and  cedar  swamps. 

Town  42,  The  south  half  is  timbered  with  hard  wood  and  pine,  and  is  rolling,  rocky 
ground,  much  covered  with  drifts.  The  north  half  consists  of  pine  **  barrens  **  and 
tamarac  swamps,  and  is  quite  level.    There  are  good  meadows  on  Frog  creek. 

Town  43.  Consists  chiefly  of  pine  "  barrens.**  The  land  is  rolling  and  the  soil  poor 
and  sandy.    There  is  some  meadow  in  the  southwestern  part. 

Town  44.    Consists  almost  entirely  of  '*  barrens." 

Range  12  W.  Town  31.  This  town  is  heavily  timbered  with  pine  mixed  with  hard 
wood.    The  land  is  rolling  and  the  soil  tolerably  good,  and  contains  considerable  day. 

Town  38.  The  land  is  quite  hilly,  and  the  ti'mber  the  same  as  in  town  37,  but 
less  dense.    The  soil  is  rather  poor. 

Town  39.  The  town  consists  mostiy  of  **  barrens,'*  with  scattering  white  and  Nor- 
way pine.    The  land  is  rolling  and  the  soil  poor  and  sandy. 

Town  40.  The  town  is  covered  with  pine  "  barrens,**  and  a  heavy  growth  of  poplar 
brush  in  the  central  part,  where  there  is  some  good  soil.  The  land  is  rolling,  with  some 
meadow  in  the  southeastern  part. 

Town  41.  The  land  is  quite  level,  and  consists  of  tamarac  and  cedar  swamp  in  the 
south  part.  The  northern  part  is  covered  with  pine  and  hard  wood  timber.  The  soil  is 
poor. 
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Toum  42.  Consists  entirely  of  scrub  pine  **  barrens  "  and  rolling  land,  except  some 
hay  meadow  near  the  Totogiiig  river  and  about  the  lakes. 

Town  43.  Consists  of  rolling,  sandy  land,  covered  with  scrub  pine  and  some  groves 
of  Norway  pine.  There  is  some  swamp  and  meadow  land  on  the  south  side  of  the  town. 

Range  18  W.  Town  37.  Consists  of  rolling  land,  with  good  soil,  and  is  one  of  the 
best  townships  for  pine  timber  on  the  waters  of  the  St.  Croix.  It  contains  considerable 
hard  wood  mixed  with  it. 

Town  38.  The  south  half  of  the  town  is  hilly,  and  covered  with  pine  and  hard  wood 
timber,  and  sandy  soil.  The  northwestern  part  of  the  town  is  level  and  has  a  rich  soil, 
covered  with  brush  prairie. 

Town  39.  Consists  of  pine  ''barrens  "  and  scattering  groves  of  white  and  Norway 
pine.    The  land  is  rolling  and  the  soil  poor. 

Town  40.    Is  very  similar  to  town  39. 

Town  41.  Contains  considerable  meadow  in  the  northeast  part,  and  on  the  south  side. 
The  rest  of  the  town  is  quite  hilly,  with  sandy  soil  and  pine  **  barrens.'* 

Towns  42  and  43.    Consist  entirely  of  pine  **  barrens  "  and  pooi^,  sandy  soil. 

Range  14  W.  Town  37.  Rather  hilly  land,  with  good  soil  throughout.  The  tim- 
ber consists  of  a  dense  growth  of  white  pine  and  hard  wood  mixed.  The  town  is 
heavily  covered  with  drift. 

Town  38.  The  south  half  of  the  town  resembles  town  37.  The  north  half  consists 
of  scrub  pine  **  barrens  "  and  sandy  soil. 

Town  39.  The  south  half  consists  of  brush  prairie  and  good  soil,  and  is  mostly 
level.  The  north  half  is  pine  **  barrens  "  and  poor  soil,  with  some  hay  meadow  near 
Yellow  river. 

Town  40.  Consists  of  pme  "  barrens  '*  with  pine  and  hard  wood  skirting  the  swamps, 
which  are  numerous.    The  country  is  rolling  and  has  many  small  lakes. 

Town  41.  Consists  of  "  barrens  "  with  a  little  Norway  pme.  The  country  is  rather 
hilly  and  the  soil  jKwr.  There  is  but  little  swamp  land,  but  some  hay  meadow  near 
Webb's  lake. 

Town  42.  Consists  chiefly  of  "  barrens  "  to  the  St.  Croix  river.  There  is  considera- 
ble meadow  near  the  streams. 

Range  15  W.  Town  35.  Consists  of  rolling  land  heavily  timbered  with  a  mixture 
of  white  pine  and  hard  wood.    The  soil  is  good  but  rather  rough  for  farming. 

Town  36.    Similar  to  town  35,  and  mostly  entered  for  pine. 

Totcn  37.  Loraine  (in  part).  The  town  is  covered  with  a  dense  growth  of  hard 
wood  mixed  with  some  pine.  There  is  a  great  deal  of  drift  in  the  town,  as  indeed  there 
is  in  this  entire  portion  of  the  country.    The  soil  is  very  good  in  most  parts. 

Town  38.  The  south  half  of  the  town  is  rolling  ground  covered  with  brush  prairie, 
and  has  a  fine,  rich  soil.    The  north  half  consists  of  pme  "  barrens." 

Town  39.  Contains  some  white  and  Norway  pine  in  the  northern  and  southern 
parts.    The  rest  is  "  barrens  "  and  swamps.    The  land  is  rolling  and  the  soil  sandy. 

Town  40.  About  half  of  the  town  is  covered  with  small  lakes,  and  the  rest  is  **  bar- 
rens."   The  country  is  level  and  the  soil  sandy. 

Town  41.    Consists  of  rolling  land,  sandy  soil,  and  pine  **  barrens." 

Range  16  W.  Tmvn32.  Black  Brook  (in  part).  The  township  is  comparatively 
level,  and  well  watered.  The  soil  is  good  and  is  heavily  timbered.  The  underl^g 
formation  is  Potsdam  sandstone. 

Town  33.  Lincoln  (in  part).  This  town  resembles  town  32.  It  is  heavily  covered 
with  drift  and  has  numerous  small  lakes.    The  formation  is  Potsdam. 

Town  34.  Balsam  Lake  (in  part).  The  land  is  rolling  and  hilly,  and  the  soil  sandy. 
East  of  Apple  river  the  country  is  "barrens;"  west  of  that  river  the  country  is  densely 
timbered  with  hard  wood.    There  are  numerous  small  lakes  and  swamps. 
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Town  35,  Milltoum  (in  part).  There  are  several  large  and  beautiful  lakes  and  numer- 
ous small  ponds  in  this  town.  The  soil  is  rich  and  the  timber  chiefly  hard  wood,  with 
some  pine. 

Town  36.  Luck  (in  part).  The  land  is  rolling  and  hilly,  and  the  soil  generally  good. 
It  is  quite  heavily  timbered  with  hard  wood  and  some  pine,  and  is  well  watered. 

Town  57.  Clam  Falls,  The  town  is  very  hilly  and  densely  timbered  with  hard  wood 
and  some  pine.  It  is  well  watered  by  the  branches  of  Clam  river.  The  soil  is  generally 
good. 

Town  38,  The  southern  and  western  parts  are  hilly  and  covered  with  hard  wood  and 
pine.  The  rest  of  the  town  is  quite  level,  consisdng  of  pine  "barrens,''  marshes  and 
lakes,  and  some  meadow. 

Town  39,  The  land  is  rolling  and  the  soil  sandy,  covered  with  scrub  pine  "  barrens,'* 
except  some  heavy  meadow  along  Yellow  river. 

Town  40.  The  eastern  half  consists  of  brush  prairie  with  numerous  small  lakes,  and 
'ji  fine  agricultural  land.    The  town  is  hilly  near  Yellow  lake,  otherwise  level. 

Town  41,  The  soil  is  good  in  the  southern  part  The  eastern  part  is  hilly  and  cov- 
ered with  sandy  "  barrens." 

Ran^e  17  W.  Town  32.  Alden  (in  part).  Consists  of  rather  level  land,  weti 
adapted  to  fanning,  and  well  watered  by  Apple  river  and  its  branches.  The  formation 
is  Potsdam,  covered  with  drift. 

Town  33,  The  town  is  quite  level,  heavily  timbered  with  hard  wood,  and  diversified 
with  numerous  lakes  and  ponds.    The  soil  is  clay  and  produces  good  crops. 

Town  34,  Balsam  Lake  (in  paii).  The  south  part  of  the  town  is  similar  to  town  33. 
The  noiihem  part  is  more  hilly,  and  contains  some  pine  timber. 

Town  35,  MilUown  (in  part).  The  southeast  part  has  considerable  pme  timber, 
sandy  soil,  and  rocky,  rolling  land.  The  rest  is  covered  with  hard  wood  and  is  well 
suited  to  agriculture. 

Town  36,  Luck  (in  part).  Consists  of  rolling  land  with  good  soil,  timbered  with 
pine  and  hard  wood  mixed.    The  settlements  are  confined  to  the  southern  part. 

Town  37.  West  Sweden,  Similar  to  town  37.  Settled  in  the  northern  part  by  Scan- 
dinavians. 

Town  38.  The  land  is  rolling  and  the  soil  good.  The  timber  is  pine  and  hard  wood 
mixed.    Well  settled  about  Diamond  and  Dunham  lakes. 

Town  39,  CJonsists  chiefly  of  pine  **  barrens  "  with  some  meadow  along  Clam  river, 
and  considerable  cranberry  marsh  in  the  central  part  of  the  town. 

Town  40.  The  eastern  part  is  hilly  and  the  soil  sandy.  The  western  part  is  level, 
and  consists  of  **  barrens."  There  is  some  good  farming  land  and  hazel  brush  prairie 
in  tLa  north  and  northwest  parts,  and  some  meadow  near  the  St.  Croix. 

Range  1 8  W.  Town  32,  Alden  (in  part).  The  land  is  rolling  and  diversified  with 
numerous  small  lakes.  It  consists  of  good  and  poor  land  in  alternating  strips  running 
in  a  north  and  south  direction.    The  timber  is  chiefly  hard  wood. 

Town  33,  Osceola,  The  town  is  rather  hilly,  with  numerous  lakes  abounding  in  fiah. 
The  land  is  nearly  all  well  adapted  to  agriculture,  the  soil  being  usually  clay  but  some- 
times sandy.  It  supports  a  good  but  not  dense  growth  of  maple,  elm,  poplar,  banwood 
and  oak  timber,  with  much  underbrush. 

Town  34,  St,  Croix  Falls,  The  town  is  generally  heavily  timbered  with  hard  wood, 
and  has  a  rich  clay  soil.    The  land  is  rolling  and  well  watered,  and  good  fanning  hind. 

Town  35,  Eureka,  This  town  is  quite  similar  to  town  34.  The  land  is  hilly  and 
heavily  timbered. 

Town  36.  Laketon,  The  land  is  rolling  and  hilly  on  the  east  side,  but  comparatively 
level  on  the  west  side.  The  soil  is  good  and  the  timber  heavy,  lliere  are  nomerout 
bmall  lakes  and  marshes. 
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Town  37,  This  town  is  very  similar  to  the  preceding.  There  is  some  pine  timber  in 
the  northern  part. 

Town  38,  Consists  of  numerous  swamps  and  hay  meadows  in  the  vicinity  of  the 
streams;  elsewhere  the  soil  is  good  and  timbered  with  pine  and  hard  wood. 

Town  39,  About  one-half  of  the  town  is  cranberry  marsh  and  the  rest  is  pine  **  bar- 
rens.*' 

Town  40,  Consists  chiefly  of  pine  "barrens,"  with  some  meadow  along  the  St. 
Croix 
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CHAPTER  II. 

QUATERNAEY  FORMATIONS. 

The  study  of  the  drift  deposits  in  such  a  region  as  tliat  under  con- 
sideration is  attended  with  grave  difficulties.  Artificial  excavations, 
such  as  wells,  railroad  cuts  and  the  like,  that  are  of  so  much  service 
in  settled  regions,  are  here  mainly  wanting.  Naturally  exposed  sec- 
tions are  rare,  and  occur  only  along  streams  where  they  are  most  lia- 
ble to  the  suspicion  of  local  modification.  Even  the  surface  is  largely 
concealed  by  underbrush  and  leaves;  while  the  prevailing  forests  cut 
ofi^  all  extensive  views,  and  interfere  with  that  critical  topographical 
study  which  forms  so  important  an  element  in  a  rational  investigation 
of  the  drift  deposits. 

In  addition  to  these  inherent  difficulties,  the  copper-bearing  forma- 
tion was  the  main  subject  of  investigation,  and  all  less  important  sub- 
jects were  subordinated  to  it;  so  that  the  belts  or  tracts  of  the  drift 
formations  were  not  consecutively  traced  out,  but  were  merely 
observed  as  they  could  be  when  crossed  in  search  of  outcrops  of  the 
copper-bearing  series.  The  rarity  of  general  landscape  views,  from 
which  comprehensive  observations  of  these  tracts  could  be  obtained, 
increased  the  embarrassment  attending  the  collocation  of  detached 
observations.  It  is  not,  therefore,  to  be  presumed  that,  under  these 
circumstances,  the  following  chapters  will  possess  an  entirely  satis- 
factory completeness.  The  writer  should  alone  be  held  responsible 
for  the  views  advanced. 

Direction  of  drift  moyement.  The  observations  of  drift  scratches 
and  grooves  are  not  numerous,  but  quite  harmonious  with  each  other. 
The  only  glacial  engraving  observed  on  the  north  side  of  the  St  Croix 
river,  is  found  in  the  southeast  quarter  of  the  northeast  quarter  of 
Sec.  14,  T.  44,  R.  13  W.  The  polishing  and  grooving  are  very  fine  and 
excellently  preserved,  and  indicate  a  movement  in  a  direction  S.  13' 
W.  (magnetic).  This  corresponds  with  the  linear  topography  of  the 
region,  and  may  doubtless  safely  be  considered  as  representative  of 
the  general  movement  in  the  immediately  adjacent  region.  A  little 
more  than  twenty  miles  east  of  this,  in  the  northeast  quarter  of  Sec. 
15,  T.  44,  R.  9  W.,  Mr.  Strong  noted  glacial  marks  bearing  S.  E.  At 
three  localities  near  Clam  Falls  (T.  37,  R.  16  W.),  tlie  writer  observed 
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grooves  trending S.  25'  E.,  S.  10"  E-,  and  S.  18"  to  20"  E.,  respectively; 
and  also  in  the  south  half  of  Sec.  28  of  the  same  township,  obscure 
markings  bearing  S.  20"  to  23"  E.  In  Sec.  2,  T.  36,  R.  18  W., 
BtrisB  bear  due  south.  In  the  southeast  quarter  of  Sec.  36,  T.  35, 
K.  19  W.,  glacial  smoothing  is  shown,  the  planing  agent  having 
apparently  moved  S.  40°  E.  At  another  point,  fine  hair-like  lines 
bear  due  east.  Near  the  St.  Croix  falls  (Sec.  29,  T.  34,  R.  18  W.), 
numerous  broad,  shallow,  glacial  flutings  bear  on  the  average  about 
S.  45**  E.  The  definite  data  furnished  by  these  striations,  is  sup- 
ported by  the  abrasion  suffered  by  protruding  ledges  of  rock,  by  the 
trend  of  drift  ridges  and  depressions,  ^nd  by  other  forms  of  linear 
topography,  all  of  which  indicate  movements  in  the  same  direction. 

We  learn  from  various  authorities  and  from  personal  observation, 
that  the  glacial  movement  in  the  vicinity  of  the  southwest  extremity 
of  Lake  Superior  was  S.  W.,  or  parallel  to  the  great  lake  valley. 

Combining  these  observations  into  a  consistent  system,  our  view  of 
the  glacial  movements  may  be  expressed  as  follows:  The  main  gla- 
cial current  of  the  region  passed  from  the  Laurentian  highlands,  be- 
yond Lake  Superior,  southwestward  into  Minnesota,  through  the 
trough  of  the  great  lake.  From  this  main  channel  the  glacial  cur- 
rents diverged  toward  the  margin  of  the  glacier,  as  in  the  case  of  the 
Green  Bay  and  Lake  Michigan  ice  streams,  in  eastern  Wisconsin  (see 
diagram  opposite  page  204,  Vol.  II). 

On  the  north  side  of  the  upper  St.  Croix  river,  this  divergence  was 
not  great,  so  that  the  trend  was  still  west  of  south  a  few  degrees. 
But  on  the  south  side  of  the  valley  the  movement  was  invariably 
east  of  south,  and  increasingly  so  with  the  degree  of  advance  in  that 
direction.  The  striae  nearest  the  margin  of  the  glacier,  point  directly 
towards  the  Kettle  moraine  hereafter  to  be  described.  These  move- 
ments are  presented  to  the  eye  on  the  accompanying  outline  map, 
Plate  XXXVIL 

The  area  under  consideration,  then,  only  represents  a  segment  of  the 
southeastern  margin  of  the  glacier  whose  main  channel  was  the  Lake 
Superior  trough,  and  whose  prolongation  was  southwestward,  but 
owing  to  the  divergent  lateral  motion  of  the  marginal  portion,  the 
movement  was  southeasterly  in  the  circumscribed  district  we  are  con- 
sidering. This  view  harmonizes  all  the  observations  thus  far  made, 
and  explains  them,  and  at  the  same  time  corresponds  to  the  method 
of  glacial  movement  found  to  obtain  in  eastern  Wisconsin,  and,  in 
the  judgment  of  the  writer,  quite  extensively  elsewhere.^ 

>  See  paper  on  the  Extent  and  Significance  of  the  Wisconsin  Kettle  Moraine,  Trans. 
Wis.  Acad.  Sd.,  1878. 
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DIVISIONS  OF  THE  QUATERNARY  DEPOSITS. 

The  quaternary  formation  of  the  district  may  be  divided,  saper- 
ficially,  into  three  parts:  (1)  The  raorainic  belt,  or  Kettle  moraine, 
on  or  near  the  southern  watershed;  (2)  an  intermediate  area  of 
boulder  clay;  and  (3)  the  plains  or  "barrens."  Subordinate  to  these, 
and  included  within  their  boundaries,  are  fluviatile  and  lacustrine 
flats  of  contemporaneous  and  later  date. 

Kettle  moraine.  The  morainic  belt  consists  of  a  series  of  drift 
hills  and  ridges  of  irregular,  undulating  or  broken  contour,  associated 
with  basins  and  hollows,  the  whole  constituting  a  peculiar  formation, 
which  has  been  described  in  detail  in  volume  II,  pp.  205  to  215, 
under  the  name  of  Kettle  Eange. 

Our  investigations  have  connected  the  Kettle  moraine  of  eastern 
and  central  Wisconsin  with  the  morainic  belt  under  consideration  aj 
portions  of  one  extensive  range,  ^  and  the  descriptions  already  given 
render  unnecessary  a  detailed  discussion  here.  To  this  common  range, 
I  have  applied  the  name  Kettle  moraine.  The  range  lies  on  the  south- 
eastern border  of  the  district,  stretching  from  the  south  central  part  of 
Polk  county  to  the  vicinity  of  Lake  Nemakagon,  and  probably  beyond. 
Mr.  Sweet  has  described  in  tho  preceding  report  a  belt  of  drift  ac- 
cumulations in  the  adjacent  re^rion  on  the  north,  which  he  identifies  as 
an  analagous  formation.  It  seems  quite  probable  that  this  is  definitely 
connected  with  that  under  consideration.  Though  our  knowledge  is 
not  complete,  the  line  of  this  connection  appears  to  lie  west  of  Long 
lake,  through  towns  44,  45  and  46,  ranges  7  and  8,  in  which  Mr. 
Caneday  describes  areas  presenting  the  characteristic  features  of  the 
formation. 

In  Polk  county  the  southeastern,  or  outer,  margin  of  the  moraine 
passes  through  the  towns  of  Black  Brook,  Clayton  and  Apple  Kiver. 
Its  coui'se  here  is  more  northerly  than  the  average  trend  of  the  range. 
The  surface  on  the  east  of  it  is  gently  undulating,  subdued,  in  por- 
tions, to  nearly  level  areas;  the  whole  underlaid  mainly  by  boulder  and 
pebble  clay,  with  occasional  sandy  tracts.  But  on  encountering  the  Kettle 
moraine,  the  surface  is  seen  to  change  at  once  the  character  of  its  un- 
dulations, assuming  the  knob-andbasin  topography  characteristic  of 
the  range.  The  drift  becomes  much  more  largely  composed  of  rounded 
boulders  and  gravel,  the  latter  being  the  predominating  element  Tho 
dense  hard  wood  and  pine  forest  of  the  level  region  is  replaced  by  more 
open  oak  timber  or  "brush  prairie." 

This  outer  ridge  of  the  range  is  not  more  than  one  or  two  miles 
*  JSo }  paper  above  cited. 
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wide  where  it  was  observed,  and  is  not  mncli  elevated,  nor  is  it  very 
conspicuous  as  a  ridge.  It  is  succeeded  by  a  more  subdued  surface  that 
does  not  present  a  distinctively  morainic  aspect  The  composition  of 
the  drift,  however,  as  far  as  could  be  seen,  remains  essentially  the 
same.  Beyond  this,  we  find  a  second  belt  of  more  pronounced  char- 
acter. There  then  succeeds  a  clay  formation,  having  a  more  level  sur- 
face and  bearing  heavy  hard  wood  timber.  Beyond  this  another  ket- 
tle range  is  encountered,  which  is  more  elevated  than  the  preceding, 
and  of  more  pronounced  character.  This  passes  only  a  short  distance 
east  of  St.  Croix  falls.  The  above  is  merely  a  local  section  between 
Black  brook  and  St.  Croix  falls,  and,  while  it  fairly  illustrates  the  char- 
acter of  the  belt  in  this  region,  is  not  to  be  regarded  as  everywhere 
applicable  to  it  in  detail. 

To  the  northeast  of  this,  the  moraine  is  more  narrow  and  strongly 
developed.  I  am  informed  that  one  or  two  projected  lines  of  the 
North  Wisconsin  Railroad  were  found  impracticable  on  account  of  it. 
Much  in  respect  to  its  detailed  features  yet  remains  to  be  learned. 
What  is  known  of  its  location  may  be  best  seen  by  reference  to  Plate 
XXXVII. 

This  moraine,  in  the  opinion  of  the  writer,  was  formed  along  the 
margin  of  a  glacier  that  passed  southward  through  the  trough  of 
Lake  Superior  into  Minnesota  as  far  as  the  Leaf  hills,  which  are  re- 
garded by  him  as  a  portion  of  the  same  moraine,  they  being  formed  on 
the  southern  and  western  margin  of  the  glacier  at  the  same  time  this 
range  was  being  accumulated  on  the  southeastern,  and  both  are  con- 
sidered but  parts  of  the  great  Kettle  moraine  of  the  lake  region. 

Boulder  clay.  Within  this  moraine  there  is  a  sheet  of  mixed 
glacial  debris  that  constitutes  the  ground  moraine  or  bottom  bed 
of  detrital  matter,  left  by  the  melting  of  the  glacier.  In  general,  it 
may  be  termed  a  boulder  clay,  though  varying  in  its  intimate  com- 
position. Ideally,  this  extends  over  the  whole  region  north  of  the 
Kettle  moraine,  underlying  the  sand  and  gravel  plains  and  the  level 
clay  areas;  but  for  want  of  excavations  there  is  little  positive  evidence 
of  this.  It  occupies  the  greater  part  of  the  surface  between  the  mo- 
raine and  the  "  barrens,"  but  is  locally  concealed  by  lacustrine  and 
fluviatile  deposits. 

The  "barrens.**  Next  to  the  Kettle  moraine,  the  so-called  "bar- 
rens "  possess  most  geological  interest  among  the  superficial  forma- 
tions. They  consist  of  extensive  tracts  of  sand  and  gravel,  the  former 
predominating.  Their  general  surface  is  plain,  or,  less  frequently, 
gently  undulating.  It  is,  however,  much  pitted  by  depressions, 
many  of  which  are  occupied  by  lakes,  others  by  marshes,  while  some 
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are  dry.  These  depressions  are  not  unfreqnently  from  30  tx>  50  feet 
deep,  and,  including  the  depth  of  the  water,  probably  sometimes 
exceed  100  feet.  While  they  quite  often  have  sloping  sides,  the  more 
characteristic  ones  have  abrupt  banks  rising,  as  steeply  as  such  inco- 
herent material  will  lip,  from  the  lake  margin  to  the  level  of  the  gen- 
eral  plain.  To  what  extent  this  steepness  may  be  doe  to  the  original 
form  of  the  basin,  and  to  what  extent  to  the  action  of  the  lake  erod- 
ing its  banks  at  the  water  level,  is  not  evident 

Within  the  district,  these  sand  tracts  are  mainly  confined  to  the 
vicinity  of  the  St.  Croix  river  and  its  tributaries,  particularly  the 
Nemakagon,  Totogatig,  Yellow  and  Clam  rivers.  But  in  their  con- 
tinuation to  the  northeast,  Mr.  Sweet  describes  the  ** barrens"  as 
extending  along  the  summit  of  the  Bayfield  peninsula. 

Viewed  as  a  whole,  these  pine  plains  constitute  a  linear  tract  from 
twelve  to  fifteen  miles  in  average  width,  stretching  from  a  point  within 
about  twelve  miles  of  the  extremity  of  the  Bayfield  peninsula,  nearly 
due  southwest  to  the  mouth  of  Wolf  creek,  in  Polk  county,  a  distance 
of  about  125  miles.  This  tract  is  joined  on  the  east  by  a  tapering  belt 
about  fifty  miles  in  length,  and  lying  mainly  in  the  valley  of  the 
Nemakagon  river.  The  tract  is  terminated  at  the  southwest  by  the 
encroachment  of  the  higher  lands  on  either  side  of  the  St  Croix. 
These  rise  abruptly  from  the  plains  to  a  height  averaging,  perhaps,  100 
feet,  and  gradually  approach  the  river  until  they  form  steeply  slophig 
blufis  on  either  side  200  feet  and  upwards  in  height  Along  the  sides 
of  these  blufiB  there  are  remnants  of  river  terraces,  with  the  second 
one  of  which,  the  plains  seem  to  be  continuous.  The  "  barrens  "  at 
the  point  where  they  are  replaced  by  the  terraces  are,  according  to  a 
not  very  reliable  aneroid  measurement,  about  290  feet  above  Lake 
Michigan.  From  this  the  tract  rises  with  approximate  regularity  to 
the  headwaters  of  the  St.  Croix,  where  it  mounts  somewhat  more 
rapidly  on  to  the  kettle  belt  of  Bayfield  peninsula,  where  it  attains  an 
average  elevation  of  perhaps  650  feet  Mr.  Sweet  records  one  measure- 
ment as  high  as  693  feet,  one  at  675  feet,  and  one  at  670  feet  above 
Lake  Superior  (713  feet,  695  feet  and  690  feet,  respectively,  above  Lake 
Michigan),  but  these  are  above  the  average. 

The  main  tract  of  the  so-called  "  barrens  "  may  therefore  be  suc- 
cinctly described  as  a  sand  and  gravel  plain  12  to  15  miles  wide  and  125 
miles  long,  sloping  southwestward  in  the  direction  of  its  length,  nearly 
three  feet  to  the  mile  on  the  average. 

In  respect  to  the  origin  of  this  deposit,  the  writer  had  prepared  a 
somewhat  full  discussion  for  this  place,  but,  as  it  became  unavoidably 
quite  extended,  it  has  been  omitted.    The  general  answer  that  it  was 
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dne  to  the  assorting  and  stratifying  action  of  water  maj  be  given  with 
much  confidence.  That,  in  the  main,  it  owes  its  origin  to  a  broad,  lake- 
h'ke  stream  or  widely  wandering  river,  may  be  accepted  with  almost 
equal  assurance.  That  the  action  of  the  water  was  not  very  violent,  is 
shown  by  the  prevalence  of  sand;  and  that  it  was  not  very  quiet,  is 
equally  proven  by  the  presence  of  gravel  and  absence  of  fine  detritus. 
But  when  we  attempt  to  consider  the  more  definite  questions,  whence 
came  the  floods  that  formed  the  deposit,  and  at  what  precise  stage  of 
quaternary  history  did  the  deposition  take  place,  we  are  compelled  to 
speak  more  circumspectly,  and  to  take  into  consideration  a  wider  range 
of  facts,  the  discussion  of  which  has  proved  too  lengthy  for  the  limited 
space  here  available. 

POST-GLACIAL  EROSION  AND  DEPOSITION. 

Since  the  formation  of  the  preceding  quaternary  deposits,  geolog- 
ical action  has  been  mainly  confined  to  erosion  and  re-deposit  by 
surface  waters  and  to  accumulations  through  the  agency  of  organic 
life,  such  as  peat  and  shell  marl. 

Pot-holes.  The  erosion  accomplished  by  the  St.  Croix  river  is  ex- 
hibited in  the  vicinity  of  tlie  falls,  not  only  by  the  deep  valley  it  has 
cut  into  the  drift  deposit  and  the  solid  rock,  but  by  the  remarkable 
**  pot-holes  "  that  are  found  at  various  heights  up  to  100  feet  above 
the  present  surface  of  the  river.  These  were  excavated  from  the 
solid  melaphyr-porphyry  by  rolling  stones  kept  perpetually  circling 
by  the  eddies  of  the  river  in  former  times,  while  cutting  its  way  down 
through  the  rock.  Some  of  these  are  mere  bowls,  but  others  are  gi- 
gantic wells  from  5  to  25  feet  in  diameter,  and  sometimes  20  feet  or 
more  in  depth.  In  some  cases  they  are  now  filled  at  the  bottom  with 
water  or  gravel,  and  their  full  depth  is  unknown.  The  sides  of  these 
wells  are  smooth-worn,  but  somewhat  uneven,  owing  doubtless  to  the 
varying  force  of  the  eddy  and  the  unequal  resistance  of  the  rock. 
In  general,  the  walls  are  nearly  vertical,  but  they  are  sometimes  in- 
clined.  In  some  cases  the  well  is  larger  below  than  at  the  surface. 
In  one  instance  at  least,  the  excavating  waters  found  an  escape  below 
through  a  well-worn  passage,  by  means  of  which  the  pot-hole  may 
now  be  entered.  These  lie  at  a  height  ranging  up  to  60  feet  above  the 
present  river,  while  smaller  ones  occur  as  high  as  100  feet  Alto- 
gether this  is  one  of  the  most  remarkable  groups  of  pot-holes  known. 

Feat.  Among  the  later  surface  accumulations,  peat  deserves 
mention,  though  in  this  region  of  abounding  forest  it  has  no  imme- 
diate importance  as  a  fuel;  and  until  the  native  fertility  of  the  soil  is 
somewhat  reduced  by  continued  cultivation,  it  is  not  likely  to  be  much 
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used  as  a  fertilizer,  though  it  is  well  suited  to  the  sandy  soils.  It  is, 
nevertheless,  a  resource  in  reserve.  It  forms  extensive  deposits 
beneath  the  marshes  of  the  district. 

Marl.  Deposits  of  this  substance,  arising  from  the  debris  of  fresh 
water  shells,  are  quite  common  in  the  lake  and  marsh  basins  of 
the  district.  In  some  cases,  the  beds  appear  to  be  quite  extensive. 
Among  the  localities  noted,  are  the  farms  of  Mr.  Thompson,  in  the 
S.  W.  qr.  Sec.  36,  T.  37,  R.  19  W.;  of  Mr.  Holmes,  in  the  N.  E.  qr. 
Sec.  36,  T.  37,  R.  19  W.;  of  Mr.  Hart,  in  the  S.  E.  qr.  Sec.  5,  T. 
38,  R.  13  W.,  and  other  points  in  the  vicinity.  These  deposits  will 
furnish  an  excellent  permanent  fertilizer  for  the  more  arenaceous  soils 
of  the  district,  which  stand  in  need  of  a  finely  comminuted  calcareous 
ingredient. 

Lignite^  or  bituminous  coal.  Among  the  ingredients  of  the 
drift,  there  are  two  that  deserve  especial  mention,  because  the  source 
from  which  they  were  derived  is  not  evident.  One  of  these  is  a  lig- 
nite, or  bituminous  coal,  and  the  other  a  limestone.  No  specimens  of 
the  former  are  in  the  possession  of  the  survey,  yet  the  testimony  as  to 
its  occurrence,  coming  from  different  parties,  seems  too  direct  and 
specific  to  be  altogether  ignored.  A  possible  though  remote  source 
of  this  is  found  in  the  basin  of  Hudson's  Bay,  towards  the  northeast, 
the  direction  whence  the  drift  was  derived.  Prof.  Bell,  of  the  Canada 
survey,  describes  the  occurrence  of  lignite  in  the  drift;  reported  also 
to  be  in  situ  in  the  valleys  of  Moose  and  Albany  rivers,  that  empty 
into  James  Bay.^  On  the  other  hand,  it  may  not  be  impossible  that 
the  cretaceous  strata  that  are  known  to  have  encroached  largely 
upon  Minnesota  from  the  west,  may  have  reached  as  far  as  the  St. 
Croix  valley,  and  that  the  carbonaceous  drift  may  have  been  derived 
from  that  source.  In  either  case,  the  occurrence  is  not  to  be  regarded 
as  having  industrial  importance. 

Limestone  boulders.  Large  erratic  blocks  of  light  gray  magne- 
sian  limestone  are  occasionally  observed  in  the  district.  These  very 
closely  resemble  the  prevailing  type  of  the  Niagara  limestone  as 
found  in  the  state,  and  the  obscure  fossils  have  a  concordant  aspect. 
It  seems  safe  at  least  to  say  that  they  are  Silurian.  It  is  important 
to  note  in  this  connection  that  drift  limestone  has  been  observed  not 
unfrequently  about  the  head  of  Lake  Superior.  Dr.  Norwood,  in 
Owen's  report  of  1852,  described  compact,  drab  colored,  limestone 
erratics,  containing  Silurian  remains,  as  occurring  on  the  St.  Louis 
river  above  the  entrance  of  the  Swan  tributary,  and  again  between 
the  Two  rivers  and  the  upper  Embarrass,  the  specimens  being  there 

» Report  of  Progreas  for  1875-76. 
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large,  thin  slabs  of  Silurian  limestone;  also  on  the  Big  Fork  river  at 
different  points,  and  again  on  the  Ondodawanonon  river,  where  they 
are  also  said  to  be  Silurian;  also  on  the  headwaters  of  the  Missis- 
sippi. 

Limestone  fragments  are  also  describ3d  by  Prof.  G.  M.  Dawson,^ 
as  occurring  on  the  southern  and  western  shores  of  the  Lake  of  the 
Woods,  and  as  belonging,  in  part  at  least,  to  the  upper  Silurian ;  and  the 
same  has  been  noted  by  Dr.  Bigsby.*  The  view  of  these  writers  that 
the  limestone  erratics  were  derived  from  a  drift-concealed  area  of 
upper  Silurian  limestone  lying  along  the  base  of  the  Laurantian 
terrane  in  the  Lake  of  the  Woods  region,  seems  too  local  to  satisfy 
all  the  conditions  of  the  problem.  It  would  be  necessary  to  extend 
this  supposed  upper  Silurian  formation  over  a  considerable  portion 
of  the  Lake  Saperior  basin,  or  else  to  assume  drift  movements  in 
directions  of  which  we  have  no  evidence,  and  at  variance  with  all 
present  data. 

It  is  not  improbable  that  upper  Silurian  strata  were  deposited  in 
the  Lake  Superior  region,  and  remnants  of  this  may  have  escaped 
denudation  till  the  glacial  period,  and  given  rise  to  these  erratics;  but 
from  their  wide  distribution,  I  incline  rather  to  the  opinion  that 
they  were  derived  from  the  Silurian  strata  of  the  Hudson  Bay  basin. 
This  hypothesis,  however,  I  hold  very  feebly,  as  we  are  yet  without 
satisfactory  evidence  that  any  drift  agency  passed  from  that  basin 
over  the  Laurentian  highlands. 

'  Quarterly  Journal  of  the  Geological  Society  for  Nov.,  1875. 
'Ditto  for  1851  and  1852. 
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CHAPTER  III. 

GENERAL  DESCRIPTION  OF  THE  INDURATED  FORMA- 

TIONS. 

The  Archsean  floor.  The  oldest  formation  that  is  known  to  ap- 
pear at  the  surface  within  the  district,  is  the  series  of  igneous  and 
detrital  rocks  that  constitute  the  Keweenaw  or  Copper-bearing  Series. 
From  the  study  of  the  adjacent  regions,  however,  we  gain  a  theoret- 
ical view  of  the  still  older  rock  floor  upon  which  the  later  formations 
rest;  and  though  we  may  not  assert  that  this  view  is  demonstrably  cor- 
rect, it  is  rendered  suflSciently  probable  by  the  evidence  collected,  to 
justify  an  attempt  to  picture  it  to  the  mind,  for  the  sake  of  the  clear- 
ness and  completeness  it  may  give  to  our  comprehension  of  the 
general  geological  structure  of  the  region. 

Lake  Superior,  in  the  main,  lies  in  a  great  rock  trough  formed  by 

'  the  downward  bending  of  the  Archcean  formations.    The  axis  of  this 

trough  is  prolonged  southwestward,  not  through  the  Duluth  finger  of 

the  lake,  as  might  be  expected,  but  through  the  upper  St.  Oroix 

valley. 

In  its  extension  through  this  region,  it  gradually  curves  southward, 
and  near  its  apparent  extremity  in  the  vicinity  of  the  Minnesota  bor- 
der itseeriis  to  have  a  decidedly  southerly  trend;  for  the  Keweenaw 
beds  on  Snake  river  below  Chengwatona  lake,  strike  S.  10*  to  15*  W., 
and  have  a  high  dip  eastward,  and  in  the  vicinity  of  the  St.  Croix 
falls  the  strike  is  even  east  of  south,  with  a  moderate  dip  southwest- 
ward. 

At  this  extremity,  the  Lake  Superior  trough  is  met  by  a  much 
broadjBr,  shallower,  Archsean  basin,  stretching  up  from  the  Missis- 
sippi valley  on  the  south.  The  two  troughs  come  together,  point  to 
point,  at  a  large  angle,  and  are  only  separated  by  a  low  swell  of  the 
lower  formations.  Between  them  on  the  east  lies  a  broad  swelling 
anticlinal  ridge  of  Archcean  strata.  Near  the  junction  of  the  two 
basins  this  is  narrow  and  depressed;  but  as  it  stretches  eastward,  it 
becomes  broader  and  higher,  forming  the  great  Archcean  protuber- 
ance of  northern  Wisconsin  and  Michigan.  On  the  farther  side, 
in  Minnesota,  the  basins  are  bounded  by  a  similar  Archoean  arch, 
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running  northeasterly  and  southwesterly,  but  having  at  present  less 
topographical  prominence  than  the  Wisconsin  heights. 

The  I)asal  portion  of  the  main  Wisconsin  highland  is  formed  of 
Laurentian  strata,  but  as  it  extends  westward  into  the  angle  between 
the  two  basins  and  becomes  lower,  narrower  and  flatter,  it  seems  to  be 
nearly,  or  entirely,  capped  by  Huronian  beds,  dipping  northward  and 
southward,  forming  a  low  anticlinal  ridge.  This,  probably,  rises 
again  as  it  joins  the  Minnesota  Archaean  axis,  thus  forming  a  sort  of 
geological  saddle.  It  is  the  later  rocks  overlapping  or  reclining 
against  this  saddle,  and  forming  part  of  the  western  extremity  of  the 
Lake  Superior  synclinal  trough,  that  claim  our  attention,  though  only 
a  portion  of  them  are  embraced  in  the  district  under  consideration. 

It  is  to  be  observed,  prudentially,  that  the  final  shaping  of  these 
ridges  and  troughs  was  not  accomplished  previous  to  the  deposition 
of  the  strata  to  be  considered,  as  some  of  the  bending  certainly  took 
place  subsequently;  but  the  salient  features  appear  to  have  been  dis» 
tinctly  outlined  as  early  as  the  era  of  Huronian  deposition, 

THE  KEWEENAW  OR  COPPER-BEARING  SERIES. 

The  rocks  of  the  Copper-bearing  or  Keweenaw  group  lie  almost 
wholly  within  the  Lake  Superior  stratigraphical  basin,  but  it  appears 
that  they  do  extend  a  little  over  the  arch  of  our  figurative  saddle  into 
the  Mississippi  basin,  for  we  find  the  beds  at  St.  Croix  falls  and 
vicinity  dipping  to  the  80iUh  of  west  But  with  this  slight  excep- 
tion, they  may  be  conceived  as  occupying  the  south  side  of  the  west- 
ern end  of  the  Superior  trough,  and  hence  as  dipping  northward  and 
westward  toward  the  valley  of  the  depression. 

This  dip  is  greatest  near  the  margin  of  the  basin,  and  least'  near 
the  central  line.  It  varies  from  about  35'  down  to  complete  horizon- 
tality. 

The  Keweenaw  series  is  composed  of  two  entirely  distinct  classes 
of  rocks.  The  first,  which  greatly  predominates,  is  composed  of  a 
series  of  massive  crystalline  beds,  which  appear  to  owe  their  origin 
to  a  succession  of  overflows  of  molten  rock,  which  probably 
issued  from  fissures  in  the  earth's  crust,  rather  than  from  typical 
volcanic  craters.  These  rocks  are  popularly  known  as  traps,  a  conven- 
ient,  but  not  wholly  unobjectionable  term.  They  consist,  so  far  as 
our  immediate  district  is  concerned,  of  diabases  and  melaphyrs,  and 
the  porphyritic  and  amygdaloidal  varieties  of  these,  and  qnartziferous 
porphyry.  Diabase  and  diabase-amygdaloid  constitute  by  far  the 
most  common  rocks.    The  typical  Keweenaw  melaphyr  is  confined, 
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SO  far  as  can  be  learned  from  outcrops,  to  a  few  localities,  notably  a 
belt  on  the  north  side  of  the  St.  Croix  river.  Melaphyr  porphyry 
has  a  large  development  at  St.  Croix  Falls  and  vicinity. 

The  special  rock  varieties  are  distinguished  from  each  other  with 
much  diflSculty,  often  only  with  the  aid  of  the  microscope,  but  they 
all  possess  a  similar  general  appearance,  and  explorers  may  readily 
learn  to  distinguish  them  from  the  members  of  the  other  crystalline 
series  with  very  little  liability  to  error,  except  in  a  few  instances. 
With  a  single  exception,  they  are  all  dark,  fine  or  medium  grained, 
crystalline  rocks.  The  prevailing  shades  of  color  are  dark  green,  iron 
gray  and  brownish  red.  The  exception  is  a  pinkish  rock  in  the  vicinity 
of  Clam  Falls.  Tliese  rocks  are  usually  tough,  though  not  very  hard, 
and  often  pack  under  the  hammer,  instead  of  flying  into  angular  frag- 
ments after  the  habit  of  hard,  brittle  rocks.  Their  fracture  is  usually 
irregular,  rough,  or  hackley,  though  occasionally  sub-conchoidal.  To 
those  unskilled  in  lithological  distinctions,  the  presence  of  small 
cavities,  filled  with  minerals  difiering  from  the  mass  of  the  rock, 
known  as  amygdules,  will  form  the  most  convenient,  as  it  is  indeed 
the  most  significant,  characteristic,  since  it  points  to  an  igneous  origin. 
There  are  but  few  extensive  outcrops  in  which  these  do  not  appear  in 
greater  or  less  numbers,  while  their  abundance  at  many  horizons 
renders  the  rock  an  amygdaloid.  The  more  common  minerals  filling 
these  amygdaloidal  cavities  are  a  dark  green  chlorite,  quartz,  calcite, 
epidote,  orthoclase,  laumonite,  and  native  copper,  with  occasionally 
other  minerals.  Prof.  Pumpelly  has  called  attention  to  the  absence  or 
rarity  of  prehnite  in  these  western  rocks,  though  it  is  common  on  the 
Keweenaw  peninsula,  and  also  to  the  presence  of  pyrite  in  the  St  Croix 
region,  though  unknown  in  Michigan. 

The  mincralogical  constitution  of  these  rocks,  as  we  now  find  them, 
is  not  entirely  that  which  they  possessed  when  first  cooled  from  the 
molten  state,  but  rather  such  as  has  resulted  from  the  chemical  and 
molecular  modifications  that  have  since  taken  place.  Some  of  these 
have  been  of  a  very  important  character,  but  as  they  pertain  equally 
to  the  whole  formation,  it  is  suflScient  here  to  refer  to  the  able  writings 
of  Prof.  Pumpelly  on  the  subject  in  this  volume  and  elsewhere. 

The  true  beds  of  this  portion  of  the  formation  are  due  to  the  suc- 
cessive overflows,  each  molten  deluge  forming  a  bed.  When  these 
are  very  massive,  however,  subordinate  planes,  parallel  to  the  bedding 
joints,  have  been  formed,  and  give  to  the  rock  an  appearance  of 
much  more  complete  bedding  than  it  properly  possesses.  The  true 
beds  may  usually  be  distinguished  by  the  change  in  the  structure 
which  the  stratum  presents  near  its  face.    It  is  usually  at  and  in  the 
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vicinity  of  these  bedding  faces  that  the  copper  deposits,  when  present, 
occur,  except  when  they  occupy  true  fissure  veins.  The  beds  in  the 
upper  St.  Croix  region  vary  in  thickness  from  a  few  feet  upwards  to 
probably  not  less  than  100  feet. 

Vertical  systems  of  joints  are  very  prevalent  features  of  these  beds, 
often  being  more  conspicuous,  and  commonly  more  uniform  and 
smooth  than  the  bedding  joints.  They  nsually  form  two  systems 
that  cross  each  other  at  nearly  right  angles.  The  frequency  of  these 
joints  sometimes  gives  to  vertical  cliffs  an  obscure  pseudo-columnar 
appearance.  True  prismatic  structure  has,  however,  nowhere  been 
observed  in  the  district. 

The  second  class  of  rocks  that  enter  into  the  formation  of  this  series, 
consists  of  conglomerates,  sandstones  and  shales,  derived  from  the 
wear  of  the  igneous  rocks  above  described,  and  of  the  older  forma- 
tions. They  are  in  part  interstratified  with  the  igneous  beds,  and  in 
part  overlie  them.  The  base  of  the  series  is  very  poorly  exposed  in 
the  region  under  consideration,  and  we  can  safely  say  very  little  as  to 
the  presence  or  absence  of  these  detrital  beds,  particularly  as  they  are 
less  enduring  and  less  liable  to  outcrop  than  the  igneous  rocks.  But 
so  far  as  our  knowledge  goes,  the  conglomerates,  sandstones  and 
shales  are  interstratified  much  the  most  frequently  in  the  upper  por- 
tion of  the  series,  and  there  are  probably  several  thousand  feet  at  the 
top,  here  as  elsewhere,  that  are  exclusively  detrital.  This  preponder- 
ance of  fragmental  deposition  in  the  upper  horizon  of  the  formation 
does  not,  however,  in  the  judgment  of  the  writer,  justify  a  division  of 
the  period  into  epochs  of  igneous  and  of  detrital  deposit.  It  is  prob- 
able that  the  wear  of  the  waters  that  occupied  the  basin  was  essen- 
tially continuous  from  the  beginning  to  the  close  of  the  period,  and 
that  the  deposition  of  detrital  matter  was  consecutive;  disturbed,  it 
may  be,  but  probably  not  suspended  by  the  igneous  eruptions.  It 
would  be  more  in  harmony  with  the  accepted  basis  of  geological 
chronometry,  to  regard  the  period  as  one  of  detrital  deposition  inter- 
jected  by  igneous  cataclysms.  The  cataclysms,  though  very  striking 
in  their  results,  were  very  brief  in  their  activity  and  local  in  their 
prevalence;  while  the  detrital  accumulations  must  have  been  vast  in 
their  periods,  and  must  be  represented  by  equivalent  deposits  else- 
where. There  are  no  means  within  the  district,  except  the  data 
already  discussed  by  Mr.  Sweet,  of  ascertaining  the  thickness  of  the 
combined  shale,  sandstone  and  conglomerate  deposits.  They  are 
almost  entirely  concealed  by  drift 

The  nature  of  these  deposits,  so  far  as  exposed  to  observation,  is 
i)recisely  like  that  of  the  districts  already  described.    They  are  com- 
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posed  of  the  worn  material  derived  from  the  previously  formed  rocks. 
In  the  main,  this  is  the  debris  of  the  nnderljing  igneous  beds,  but  a 
portion  is  derived  from  the  still  older  metamorphic  strata.  The  con- 
stituent grains  are  not,  therefore,  so  largely  pure  quartz,  as  is  the  case 
with  most  paleozoic  sandstones,  but  instead  are  mainly  silicates  of 
various  bases,  feldspars  especially. 

Deep  red  and  brown  are  the  prevailing  colors.  The  black  shales  of 
the  Ontonagon  and  Montreal  regions  have  not  been  seen  in  the  St 
Croix  valley.  The  beds  exhibit  ripple-raarks,  rain-drop  impres- 
sions, cross  lamination,  and  other  indications  of  littoral  and  marine 
deposition. 

No  remains  that  can  be  positively  identified  as  having  an  organic 
origin  have  yet  been  discovered  in  these  strata,  though  there  are  some 
obscure  indications  that  life  existed. 

Economic  considerations.  This  formation  is  not  only  the  equiv- 
alent, as  the  name  implies,  of  the  great  Copper-bearing  terrane  of 
Keweenaw  point,  but  is  directly  continuous  with  it  and  forms  its  west- 
em  prolongation.  The  demonstration  of  this  connection  is  one  of  the 
fruits  of  the  present  geological  survey.  The  copper,  which  is  the 
most  abundant  metal  of  value  derived  from  the  formation,  occurs 
sometimes  in  the  igneous  rock,  mainly  in  amygdaloidal  portions, 
sometimes  in  the  detrital  conglomerates,  sandstones  or  shales,  and 
sometimes  in  fissure  veins  traversing  these.  But  in  all  these  cases 
the  metal  was  deposited  in  its  present  condition  after  the  formation 
of  the  strata,  and,  without  reasonable  doubt,  by  chemical  means. 
The  theory  that  the  copper  was  injected  in  a  molten  condition  is 
wholly  irreconcilable  with  the  facts.^ 

It  seems  to  have  been  originally  distributed  through  the  molten 
rock,  and  to  have  been  taken  up  thence  by  solution  and  redeposited  in 
its  present  concentrated  form.  So  that,  without  regard  to  whether  it 
is  now  found  in  igneous  or  detrital  rock,  or  in  fissures,  the  igneous 
rock  is  to  be  considered  its  primary  source. 

It  is  difiicult  to  assign  any  satisfactory  reason  why  an  igneous  over- 
flow should  be  richer  in  a  metal  at  a  given  point  than  at  any  other, 
and  still  more  difficult  to  understand  how  a  succession  of  such  over- 
flows, separated  by  considerable  periods  of  time,  should  be  exceptionally 
rich  in  the  same  region.  Theoretically,  therefore,  there  is  little  or  no 
reason  for  believing  that  the  igneous  rocks  of  one  district  are  less  rich 
in  copper  than  other  portions.    Practically,  however,  the  question  is 

'This,  it  seems  to  the  writer,  has  been  snffidenily  shown  by  Prof.  Pampdly  in  the 
Geol.  Surv.  of  Mich.,  Vol  II,  1869-1873,  Part  II,  p.  19  et  #^.,  but,  if  necessary,  mnch 
additional  evidence  coold  be  adduced. 
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not  80  mnch  what  is  the  absolate  richness  of  the  series  in  copper,  as 
what  is  its  degree  of  concentration^  and  hence  availability.  This  con- 
centration, if  our  views  are  correct,  is  dependent  on  the  chemical  and 
molecular  activities  that  have  ensued  since  the  original  formation  of 
the  strata.  But  here,  again,  it  is  diflBcult  to  find  a  specific  tenable 
reason  why  these  activities  should  not  have  been  as  great  in  Wiscon- 
sin as  in  the  well  known  productive  portion  of  Michigan.  There 
appears  to  be,  therefore,  no  good  theoretical  reason  assignable  why  we 
should  not  expect  the  occurrence  of  valuable  copper  deposits  in  this 
portion  of  the  formation,  as  elsewhere.  Their  actual  existence  is  a 
question  which  exploitation  can  alone  determine.  A  practical  diflBculty 
lies  in  the  fact  that  the  surface  is  so  largely  covered  by  drift.  The 
ledges  that  project  through  the  drift-covering  are  usually  the  more 
solid  and  compact  portions  of  the  formation,  which  are,  theoretically, 
the  least  promising.  The  excavations  that  will  be  incidental  to  the 
settlement  of  the  region  will  disclose  the  formation  somewhat  more 
fully,  but  considerable  portions  of  it  will  doubtless  always  remain 
concealed.  There  are  reasons  to  hope,  however,  that  valuable  dis- 
coveries may  be  made.  The  localities  at  which  copper  was  found  by 
the  survey,  and  the  single  instance  in  which  mining  has  been  at- 
tempted, will  be  found  described  among  the  local  details  that  are 
given  below. 

What  has  been  said  of  the  deposit  of  copper,  also  applies  to  the 
silver  of  the  formation,  though  this  has  not  yet  been  found  on  the 
south  shore  of  Lake  Superior,  in  quantities  that  have  thus  far  been 
mined  profitably  (except  in  connection  with  copper),  though  closely 
approximating  it.  The  silver-bearing  horizon  of  the  Ontonagon  dis- 
trict was  definitely  identified  by  the  writer  where  it  crosses  the  Mon- 
treal river  into  Wisconsin,  at  which  point  it  bears  traces  of  silver  and 
a  little  copper;  but  it  has  not  been  found  in  the  St.  Croix  district,  and 
is  probably  wholly  concealed  by  drift. 

POTSDAM  SANDSTONE. 

The  Keweenaw  beds  were  originally  deposited  in  an  essentially 
horizontal  position.  After  their  accumulation  was  completed,  they 
were  bent  into  their  present  trough-like  form,  a  process  which  doubt- 
less occupied  a  very  considerable  period.  Subsequently  to  this,  there 
elapsed  an  interval  of  which  we  have  no  record,  save  in  the  erosion 
which  was  wrought  upon  the  strata.  This,  making  due  allowance  for 
what  might  have  been  accomplished  during  the  time  the  Potsdam 
sandstone  was  being  deposited,  would  seem  to  have  been  immense. 
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The  edges  of  the  upturned  Keweenaw  strata  were  cut  away  very 
extensively,  and  their  surface  deeply  channeled  or  worn  into  precip- 
itous cliffs.  Upon  this  very  irregular  surface  the  Potsdam  sandstone 
was  deposited.  It  is  now  impossible  to  ascertain  the  full  extent  to 
which  it  originally  covered  the  older  strata,  but  it  is  quite  certain 
that  it  overlapped  them  widely.  "We  now  find  remnants  of  the  forma- 
tion along  the  St.  Croix  river,  reaching  up  into  the  trough  of  the 
Keweenaw  series;  and  on  the  Kettle  river  in  Minnesota,  it  is  found 
at  elevations  nearly  or  quite  equal  to  the  height  of  the  Lake  Superior 
watershed,  and  considerably  higher  than  any  known  Keweenaw  strata 
in  the  trough  of  the  synclinal.  There  seems  no  good  reason,  there- 
fore, to  doubt  that  the  Potsdam  seas  swept  across  the  district  into  the 
Lake  Superior  basin  and  deposited  their  sands  in  a  continuous  belt, 
uniting  the  Mississippi  and  Superior  primordial  areas.  Within  the 
district  under  consideration,  the  Potsdam  sandstone  has  only  been 
observed  in  the  vicinity  of  the  St.  Croix  river.  Below  the  St.  Croix 
falls  it  occurs  in  vertical  cliffs  on  either  side  of  the  stream.  In  Eagle 
bluff,  near  Osceola,  the  upper  face  of  the  formation,  capped  by  Lower 
Magnesian  limestone,  is  exposed.  This  is  the  most  northerly  point 
at  which  the  upper  portion  of  the  formation  is  known  to  exist  at 
present.  The  upper  portion  of  the  formation  here  is  composed  of 
yellow  and  white  sandstone,  corresponding  in  character  and  position 
with  the  Madison  sandstone.  This  is  underlaid  by  calcareous  strata, 
which  appear  to  correspond  with  the  Mendota  beds  of  central  Wis- 
consin, and  which,  from  their  greater  resistance,  give  rise  to  the  beau- 
tiful Osceola  falls.  Beneath  these  there  are  greenish  shales,  inter- 
stratified  with  the  friable  sandstone  that  makes  up  the  mass  of  the 
formation,  and  does  not  essentially  differ  from  the  Potsdam  else- 
where, which  has  been  repeatedly  described  in  these  reports. 

The  quarries  just  north  of  the  village  of  Osceola  are  exceptionally 
rich  in  primordial  fossils,  among  which  trilobites  predominate.  One  of 
the  earliest  of  known  gasteropods,  Holopea  Sweeti,  is  found  here.  In 
the  vicinity  of  St.  Croix  falls,  the  formation  abuts  against  and  overlies 
the  traps  of  the  Keweenaw  system.  At  several  points  the  actual 
contact  of  the  formations  may  be  seen,  and  no  doubt  exists  as  to  their 
true  relationship.  Near  the  point  of  contact  in  some  places,  the 
sandstone  changes  to  a  conglomerate,  the  pebbles  of  which  are  derived 
from  the  trappean  rocks.  The  pebbles  are  sometimes  well  rounded, 
but  in  other  cases  only  somewhat  abraded  on  the  angles,  and  they  are 
in  some  instances  of  large  size.  From  this  it  is  evident  that  the 
Keweenaw  rocks  stood  as  reefs  and  cliffs  in  the  Potsdam  ocean, 
against  which  the  waves  beat,  breaking  off  fragments  and  rounding 
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tliem  by  attrition  in  various  degrees,  and  imbedding  them  in  tlie 
sands  and  shells  of  that  ancient  sea. 

In  more  protected  places  a  finer  sediment,  mingled  with  immense 
numbers  of  the  shell  Lingulepis  pinnaformia^  accumulated  and  after- 
wards became  a  shale.  The  fossils  were  deposited  so  closely  in  contact 
with  the  crystalline  trappean  rock,  that  hand  specimens  may  be  ob- 
tained which  contain  the  crystalline  rock  on  one  side  and  Potsdam 
shale  containing  fossils  on  the  other.  The  view  of  Dr.  Owen  that 
the  trappean  rocks  were  thrust  up  through  the  sandstones  after  their 
formation,  is  wholly  untenable.  The  traps  are  immensely  older  than 
the  sandstone,  and,  as  before  remarked,  were  extensively  eroded  before 
the  sandstone  was  deposited  upon  their  worn  surface.  The  detailed 
statements  subsequently  given,  abundantly  verify  these  statements.^ 

At  St.  Croix  falls,  the  Potsdam  sandstone  seems  to  occupy  an  an- 
cient channel  cut  into  the  crystalline  rocks;  for  it  occurs  for  some  dis- 
tmcD  above  the  Dalles,  at  elevations  but  little  above  the  river,  while 
the  crystalline  ledges  rise  at  short  distances  on  either  hand  to  alti- 
tudes of  200  feet  or  more.  Whether  this  was  the  gorge  of  an  ancient 
river,  the  prototype  of  the  present  St.  Croix,  or  a  channel  worn  by 
the  encroachment  of  the  primordial  ocean,  it  may  be  impossible  now 
to  determine.  As  the  outcrops  of  this  formation  in  our  district  are 
limited,  and  for  the  most  part  intimately  associated  with  the  Kewee- 
naw series,  they  will  be  found  described  in  connection  with  the  latter, 
on  subsequent  pages,  as  they  are  encountered  in  the  systematic  review 
of  the  outcrops  of  the  district. 

LOWER  MAGNESIAN  LIMESTONE. 

This  formation  merits  only  a  passing  notice  in  this  connection,  as  it 
barely  appears  in  the  southwestern  portion  of  the  district  in  isolated 
area^s  the  most  northerly  of  which,  as  before  mentioned,  forms  the 
cap  of  Eagle  bluff,  near  Osceola.  These  patches  are  undoubtedly  the 
remnants  of  a  continuous  formation  that  formerly  stretched  northward 
into  the  Lake  Superior  basin,  but  which  has  been  worn  away  by 
erosive  agencies.  It  is  an  impure,  buff,  magnesian  limestone,  identical 
in  character  with  the  formation  so  fully  described  in  Vol.  II. 

In  former  times,  I  have  no  doubt,  higher  members  of  the  Paleozoic 
series  overlay  this,  but  they  appear  to  have  been  entirely  removed, 
leaving  the  Lower  Magnesian  limestone  the  uppermost  of  the  in- 
durated series.     It  is  highly  valuable  in  this  region  of  prevailing 

>  See,  also,  Notes  on  the  Geology  of  Northern  Wiaconsin,  by  E.  T.  Sweet,  Trans.  Wis. 
Acad,  of  Sci.,  Vol.  Ill,  1876,  p.  50. 
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siliceoas  rock  as  a  source  of  lime,  and  at  the  same  time  is  serviceable 
as  building  stone.  Lime  is  manufactured  from  it  near  Osceola  by 
Mr.  Samuel  Wall,  in  a  continuously  operating  kiln,  which  has  a  ca- 
pacity of  100  barrels  in  twenty-four  hours.  The  kiln  is  situated  on 
the  bank  of  the  St.  Croix  river,  so  that  the  facilities  for  shipment  arc 
excellent  Two  kinds  of  liitie  are  manufactured;  one  is  a  brown  lime 
made  from  the  formation  in  question,  of  which  there  is  a  thin  stratum 
crowning  the  bluff  above  the  kiln ;  the  other  is  a  white  lime  made 
from  a  travertine  deposit  near  the  water^s  edge.  Large  masses  of 
limestone  appear  to  have  fallen  down  from  the  bluff,  and  the  interstices 
and  cavities  between  them  have  been  filled  up  with  a  secondary  de- 
posit of  limestone. 
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CHAPTER  IV. 

DETAILED  DESCEIPTIONS  OF  THE  LOCAL  FOEMATIONS. 

In  the  preceding  reports  the  Keweenaw  or  Copper-bearing  series, 
as  it  occurs  on  the  Lake  Snperior  border,  has  been  discussed;  and  its 
general  relations  to  the  great  mass  of  the  formation  stretching  north- 
ward to  Keweenaw  point,  and  beyond,  has  been  indicated.  In  pur- 
suing the  study  of  its  local  development,  as  traced  southwesterly 
from  the  Lake  Superior  trough  into  the  borders  of  the  Mississippi 
basin,  it  may,  perhaps,  be  most  convenient  to  begin  with  the  expos- 
ures of  the  formation  that  lie  adjacent  to  those  previously  described, 
and  to  trace  the  ranges  thence  along  their  trend  southwesterly  to  the 
limits  of  the  state  in  the  St  Croix  valley. 

In  doing  this,  we  shall  find  the  natural  outcrops  of  the  region  clus- 
tered into  about  five  quite  distinct  groups;  one  about  the  headwaters 
of  the  Nemakagon  river,  which  we  may  designate  the  Nemakagon 
district;  one  on  the  upper  Totogatig  river  —  the  To togatig  district; 
one  in  the  vicinity  of  Clam  falls,  extending  westerly  and  south- 
erly—  the  Clam  falls  district;  one  centered  about  St.  Croix  falls,  and 
named  thence,  and  one  along  and  north  of  the  upper  part  of  the  St. 
Croix  river,  and  designated  the  north  St.  Croix  district 

The  great  Keweenaw  range,  the  most  protuberant  part  of  the  for- 
mation, has  been  traced  connectedly  as  far  southward  as  the  vicinity  of 
Nemakagon  lake,  T.  43,  R.  6  W.  And  we  may  advantageously  make 
that  our  point  of  departure. 

THE  NEMAKAQON  DISTRICT. 

In  1876,  Mr.  Wright  traced  the  magnetic  belt  of  the  Huronian 
series  to  the  north  shore  of  Nemakagon  lake,  and  on  its  southwest 
side  he  found,  for  a  few  miles,  a  broad  belt  of  feeble  magnetic  attrac- 
tions. He  also  found  the  Copper-bearing  series  apparently  encroach- 
ing on  the  Huronian  belt  from  the  north  and  overlapping  it,  as  it 
were,  to  meet  the  closely  adjacent  granitic  rocks  on  the  south.  It  is 
at  this  interesting  point  where  the  Keweenaw  and  Lanrentian  series 
seem  to  be  converging  towards  each  other,  involving  the  burial  of  the 
intervening  Huronian  belt,  that  we  begin  our  review  of  the  observa- 
tions of  Mr.  Strong. 
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T.  43,  R,  7  W.  In  Sec.  21  of  the  township  next  west  of  Lake  Nemakagon  (T.  43, 
R.  7  W.)f  the  diabases  of  the  Keweenaw  series' and  the  granitic  rocks  of  theLaorentian, 
are  observed  within  a  few  rods  of  each  other,  and,  presumably,  come  in  contact  beneath 
the  drift.  In  the  N.  £.  qr.  of  that  section,  on  the  south  side  of  the  Nemakagon  river, 
and  about  200  feet  from  its  bank,  an  outcrop  of  granite  is  observed,  consisting  of  flesh- 
colored  feldspar,  quartz  and  a  little  black  mica  (biotite).  Many  of  the  crystab  of  feld- 
spar are  large  and  distinct  The  rock  is  fissured  so  as  to  present  a  bedded  appearance. 
In  some  portions  the  granite  passes  into  gneiss  by  the  development  of  a  parallel 
arrangement  of  the  constituent  minerals.  The  bearing  of  the  banded  structure  thus 
formed  is  about  S.  40  ^  E.,  which,  it  will  be  observed,  crosses  at  a  large  angle  the  trend 
of  the  Keweenaw  range.  The  dip  seems  to  be  almost  vertical.  About  150  feet  north- 
west of  this  is  another  exposure  of  gneiss,  in  which  the  banded  structure  is  very  distinct, 
and  often  much  contorted.  The  average  course  of  the  bands  is  here  nearly  east  and 
west.  Farther  down  the  river  is  a  low  ledge  of  red  granite  and  gneiss  in  the  banks  and 
bed  of  the  stream.  About  1,000  feet  below  this,  in  the  8.  E.  qr.  of  Sec.  16,  the  river 
crosses  a  ledge  belonging  to  the  Chopper-bearing  series. 

To  the  southeast  from  these  granitic  outcrops,  the  surface  features  and  the  composi- 
tion of  the  drift  favor  the  belief  that  the  region  is  underlaid  by  the  granitoid  series. 
Near  the  N.  W.  comer  of  Sec.  26  of  this  town,  the  summit  of  a  hill  exhibits  boulders  of 
granite,  some  of  which  are  of  such  enormous  size  as  to  give  the  impression  of  rock  in 
place,  and  they  are  probably  near  their  original  position.  This  evidence  from  the  drift 
is  strengthened  by  the  existence  of  an  outcrop  in  the  S.  W.  qr.  of  the  N.  E.  qr.  of  the 
same  section,  on  the  south  side  of  a  small  stream.  The  rock  is  a  dark  gneiss,  composed 
of  flesh-colored  feldspar,  quartz,  and  a  large  ingredient  of  biotite,  with  which  there  is 
associated  some  hornblende.  The  composition,  however,  varies.  The  exposure  is  small 
and  much  obscured  by  brush,  so  as  to  render  observations  on  its  strike  and  dip  un- 
satisfactory. 

The  several  characteristics  of  these  granitic  masses,  as  well  as  their  position,  favor  the 
view,  in  which  all  the  members  of  the  corps  coincide,  that  they  belong  to  the  Lauren- 
tian  series. 

Returning  to  the  granitic  ledges  on  the  Nemakagon  river,  we  find,  on  the  opposite 
side  of  the  stream,  an  exposure  of  the  Keweenaw  series,  as  illustrated  by  the  accom- 
panying figure: 


<^.S?ifl  ^'°'^  Ditthn* 
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As  previously  stated,  about  1000  feet  below  the  granitic  ledge,  the  members  of  the 
Copper-bearing  series  cross  the  Nemakagon  river  and  appear  on  its  south  side.  The 
rock  is  here,  in  general,  fine-grained,  minutely  crystalline  and  nearly  black,  or  dark 
greenish  black.  It  is  not  usually  amygdaloidal,  but  in  places  there  are  small  particles 
where  amygdules  of  chlorite  and  laumonite  occur,  and,  occasionally  also,  small  spheri- 
cal nodules  of  calcite,  with  which  are  sometimes  associated  small  grains  of  pyrite. 
Some  portions  of  the  rock  contain  a  large  proportion  of  non-magnetic  iron  ore.  The 
dip  is  given  as  38**  on  a  course  N.  30°  E. 

On  the  south  side  of  the  river,  the  rock,  which  is  a  diabase  and  diabase-amygdaloid, 
shows  seams  and  small  veins  of  epidote  and  amygdaloidal  cavities,  containing  ortho- 
clase,  calcite,  epidote  and  chlorite,  tiie  latter  in  dark,  shot-like  spherules. 

About  250  yards  south  of  the  river,  there  is  a  small  exposure  in  which  pyroxene  forms 
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a  large  ingiedient,  and  with  this,  quartz  and  considerable  chloritic  matter  in  thin  layers 
are  associated.    About  100  yards  west  of  this  is  another  similar  small  ledge. 

Foot  miles  to  the  northeast  of  this,  on  the  town  line  between  ranges  6  and  7,  town 
43,  and  extending  thence  up  the  Nemakagon  river  for  about  quarter  o(  a  mile,  there  is 
a  succession  of  trappean  lodges — composed  mainly  of  dark  diabase — (specimens  314 
to  318).    llie  following  figure  shows  a  profile  of  Uie  outcrop  nearest  the  town  line. 


. s;<— y-%> ♦-Igy^— y- ^^ .???- :^ 
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BBTWBBN  BaHOBI  6  ABD  7,  ToWN  48. 

Tlie  ledge  next  the  river  is  rather  a  fine-grained,  reddish  brown  diabase.  Ac(joining 
tliis,  the  rock  is  darker  and  softer,  having  in  some  portions  a  somewhat  greasy  feeling,  ap- 
parently from  the  presence  of  chloritic  material.  This  passes  into  a  very  dark,  dose-text- 
ured diabase.  The  upper  ledge  consistA  of  a  more  obviously  crystalline  rock,  probably 
a  diabase.  It  shows  a  notable  tendency  to  split  into  rudely  rhombohedral  blocks.  The 
succeeding  outcrops  along  the  river  above  are  but  slight  exposures  in  the  bank.  About 
a  quarter  of  a  mile  above,  there  appears  a  very  mmutely  crystalline,  almost  black  dia- 
base, containing  scattered  amygdules  of  chlorite,  with  copper  pyrites  and  a  little  mala- 
chite. It  also  contains  large  isolated  patches  of  epidoticrock,  through  which  chalcopy- 
rite  is  disseminated  in  grains.  The  exposure  extends  about  50  feet  along  the  north 
side  of  the  river,  and  is  much  riven  and  dislocated  on  the  surface.  It  reappears  about 
50  feet  below,  where  it  is  more  coarsely  crystalline,  and  contains  spherules  of  epidote 
enclosing  a  core  of  copper  pyrites. 

About  one  mile  below  the  above  series  of  outcrops,  on  the  line  between  Sees.  1  and  2, 
T.  43,  R.  7  W.,  the  river  has  again  denuded  the  formation  for  a  space  of  about  100 
yards.  It  is  here  a  coarsely  crystalline  augitic  rock,  verging  in  places  into  an  amygda- 
loidal  diabase,  containing  large  spherules  of  dark  chlorite.  In  one  place  in  the  river 
the  rock  becomes  unusuaUy  coarse,  and  contains  crystals  of  feldspar  one-half  inch 
across.  On  the  south  side  of  the  river,  it  appears  as  a  finely  crystalline  diabase,  con- 
taining a  notable  ingredient  of  magnetite,  and  strongly  affecting  the  needle.  Its  tend- 
ency is  to  fracture  into  shaiply  angular  blocks. 

The  foregoing  constitute  the  outcrops  of  the  Keweenaw  series  observed  in  this  vicin- 
ity. Othws  were  reported,  and  were  sought,  but  esc^)ed  disoovery.  Doubtless  others 
exist,  but  the  wildness  of  the  forest  renders  it  very  difficult  to  find  them. 

THE  TOTOGATIG  DISTRICT. 

To  the  southwestward,  along  what  is  presumed  to  be  the  southerly 
margin  of  the  Keweenaw  series,  the  surface  is  occupied  by  heavy 
drift  accumulations,  which  quite  effectually  conceal  the  underlying 
formations.  To  the  northwest,  however,  about  12  miles,  there  is  a 
parallel  belt  nearly  30  miles  in  length,  over  which  are  scattered,  in 
comparative  profusion,  bare  or  slightly  concealed  ledges.  This  belt, 
which  is  here  called  the  Totogatig  district,  extends  from  Pigeon  lake, 
Vol.111.- 26 
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in  Sec.  34,  T.  45,  R  8  W.,  southwesterly  to  T.  41,  R.  11  W.  With 
two  exceptions  —  viz.,  a  sandstone  and  a  conglomerate — the  series  is 
formed  of  trappean  rock,  mainly  diabase  and  diabase-amygdaloid. 
The  general  strike  is  nearly  due  S.  W.,  and  the  average  dip  about 
24^  K  W. 

T.  45,  R.  8  W.  From  near  the  southwestern  extremity  of  Pigeon  lake,  a  range 
stretches  diagonally  across  the  S.  E.  qr.  of  Sec.  33,  T.  45,  R.  8  W.,  and  enters  the 
adjoining  township  on  the  south.  The  character  of  the  rock  varies  somewhat,  but  in 
the  main,  consists  of  two  principal  varieties,  one  of  which  is  very  dark  and  quite  soft, 
from  the  presence  of  chlontic  material,  and  contains  some  amygdules  of  epidote  and 
quartz,  while  the  other  is  an  iron  gray,  very  hard,  pseudo-amygdaloidal  diabase 
(spec.  369). 

T.  44,  R.  8  W.  Proceeding  southwestward,  on  this  line,  in  Sees.  5  and  3  of  T.  44, 
R.  8  W.,  frequent  ledges  are  encountered,  some  of  them  rising  in  perpendicular  acdiyi* 
ties  into  considerable  hills.  One  of  the  more  noteworthy  of  these  is  found  near  the 
quarter-post  of  the  sections  mentioned,  and  consists  of  a  dark  greenish  black  diabase,  in 
which  amygdules  are  rare. 

Passing  on  southwestward  to  the  center  of  Sec.  7,  we  find  two  large  parallel  ranges 
of  trappean  rock,  having  the  common  trend  of  the  formation.  The  southe^terly  ridge 
is  composed  of  a  dark  reddish  diabase,  containing  some  small  spherules  of  chlorite 
and  calcite.  The  northwesterly  range  consists  of  hard,  dark  brown,  finely  crystalline 
melaphyr  or  diabase,  containing  occasional  large  crystals  of  pyroxene  (spec  868). 
Three  hundred  paces  northeast  of  the  center  of  the  section,  the  rock  is  coarsely  crystal- 
line, and  at  five  hundred  paces,  while  retaining  its  general  color,  it  presents  numerous 
small  reflecting  faces  of  augite. 

At  963  paces  northeast  of  the  southwest  comer  of  this  section,  is  another  outcrop  be- 
longing to  the  same  series,  which  shows,  what  is  a  common  feature  of  this  belt,  an 
abrupt  southeasterly  exposure  with  a  gentle  northwesterly* declivity;  a  feature  due  to 
the  inclination  of  the  beds.  The  dip  is  25'  in  a  direction  N.  33°  W.  The  rock  is  a 
rather  coarsely  crystalline  diabase  of  dark,  slightly  reddish  color.  About  350  paces 
southwest  of  this  is  an  outcrop  of  dark,  granular  crystalline  melaphyr  (spec.  367),  and 
about  100  paces  farther  (500  paces  from  the  S.  W.  comer  of  the  section),  an  exposure  of 
hard,  dark  brown  diabase,  of  medium  crystalline  grain  (spec  366). 

T.  44,  R.  9  W.  On  entenng  the  a^'oining  town,  we  encounter  near  the  S.  E.  comer 
of  Sec.  12,  a  bluff  of  eraptive  rock,  probably  melaphyr;  and  to  the  north  and  south  of 
this  for  nearly  a  mile  along  the  range  there  are  numbers  of  high,  steep  hills  of  similar 
trappean  rock,  which  are  largely  concealed,  however,  by  soil  and  vegetable  mold,  and 
covered  by  a  dense  growth  of  heavy  timber.  In  the  N.  E.  j^  of  Sec  12,  between  the 
quarter-post  and  a  brook  lying  north  of  it,  is  a  high,  steep  hill  of  trappean  rock  that  prob- 
ably represents  a  variety  of  the  Keweenaw  melaphyr,  characterize  by  "luster  mot- 
tlings,"  though  these  are  small  and  inconspicuous.  It  is  hard,  reddish  brown,  com- 
pactly crystalline,  in-egular  in  fracture  and  contains  a  little  magnetite  (spec  365). 

About  two  mUes  southwest  of  this  (N.  E.  }4  Sec.  15,  T.  44,  R.  9  W.),  a  hill  of  diabase- 
like rock  forms  the  extremity  of  a  chain  of  hills  stretching  southwesterly  as  far  as  Sec. 
28.  The  rock  is  of  a  dark  reddish  color,  brittle,  fine  grained,  and  contains  amygdules 
of  calcite,  chlorite  and  epidote.  In  some  places  there  are  veins  of  the  latter  mineral 
containing  particles  of  native  copper.  The  tendency  of  these  veins  is  to  follow  the  south- 
westerly trend  of  the  crest  of  the  ridge.  One  was  traced  a  quarter  of  a  mile.  The  ridge 
has  the  usual  abrapt  southeast  face,  with  a  gentle  slope  to  the  northwest,  in  which  direc- 
tion the  beds  dip  20^.    On  this  ridge  glacial  strisB  were  seen  bearing  S.  £.    This  ledge 
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is  overlaid  on  the  northwest  by  a  similar  one,  likewise  containing  epidote  veins  flecked 
with  malachite,  native  copper  and  its  red  oxide.  It  also  contains  red  sedimentary  rock 
in  the  seams  and  fissures.  The  two  ridges  are  parallel  and  perfectly  straight  for  one- 
half  mile.  They  reappear  near  the  line  between  Sees.  15  and  22,  forming  at  one  point 
a  conspicaoos  hill,  100  feet  high,  from  which  is  afforded  a  fine  view  of  the  Eau  Claire 
lakes,  and  the  copper  ranges  of  Douglas  county  in  the  distance.  This  is  the  "  Smoky 
Hill, "  or  "  Wani-baju's  Blacksmith  Shop  '*  of  the  Indians.  Its  consUtuent  beds  dip  27^ 
N.  W.  The  basal  bed  of  these  ridges  is  a  quite  soft,  mottled,  eruptive  rock,  which  ap- 
pears to  the  imaided  eye  to  be  mainly  composed  of  augite.  In  the  S.  W.  ^  of  Sec.  22 
there  are  several  long,  high  ridges,  which  occasionally  expose  a  similar  mottled  augite- 
bearing  rock,  and  which  are  to  be  correlated  with  beds  underlying  those  above  described. 

To  the  southeast  of  these,  is  a  hard,  dark  reddish  brown,  fine  grained  diabase,  con- 
taining some  spherules  of  chlorite,  but  wanting  in  the  veins  of  epidote  so  conspicuous 
in  the  other  exposures.  The  ridges  continue  southwestward  into  the  S.  E.  qr.  of  Sec. 
21,  the  rock  being  always  dark  colored,  fine  grained,  with  a  reddish  tinge,  and  often 
amygdaloidaL 

Near  the  quarter-post  between  Sees.  21  and  22,  there  is  an  outcrop  of  dark  colored 
eruptive  rock  consisting  of  two  beds.  The  underlying  one  is  very  fine  grained  and  con- 
tains amygdules  of  calcite,  epidote,  chlorite  and  quartz,  the  latter  often  lining  the  cavity 
concentrically,  giving  rise  to  an  agate  structure.  The  overlying,  bed  is  a  very  fine 
grained,  hard,  dark  greenish  gray,  amygdaloidal  diabase,  the  cavity-fillings  being 
quarts,  chlorite,  laumontite,  epidote,  and  occasionally  malachite.  One  or  more  out- 
crops occur  within  the  S.  E.  qr.  of  Sec.  21.  There  is  also  an  outcrop  of  rather  soft, 
coarse  grained,  reddish  brown  trap  lying  off  the  range  we  have  followed,  on  the  east,  in 
the  8.  W.  qr.  of  Sec  14. 

Near  the  N.  E.  comer  of  Sec.  23,  the  formation  exposes  itself  in  an  interesting  and 
characteristic  way  by  the  protrusion  of  the  upturned  edge  of  its  beds,  forming  monodinal 
ridges  after  the  prevalent  fashion  of  the  region.  A  profile  is  given  in  the  accompanying 
figure.    The  dip  of  the  whole  is  about  29**  to  the  N.W. 


too  JX. 
Showing  PBoriLi  or  Outcrop  Sttuatcd  Nxab  tbm  N.  E.  Cornbb  or  Sio.  28,  T.  41,  R.  9. 

The  rock  belongs  to  two  distinct  classes,  the  uppermost  consisting  of  trappean  beds 
and  the  lower  of  conglomerate.  The  former  consists  of  an  amygdaloidal  diabase,  ren- 
dered somewhat  porphyritic  by  distinct  feldspar  crystals.  The  amygdules  are  noted  as 
mainly  quartz  and  epidote.  Particles  of  sulphide  of  copper  were  observed  in  places. 
An  interesting  feature  of  these  beds  is  the  inclusion,  in  cavities  and  vertical  and  hori- 
zontal seams,  of  red  sedimentary  rock.  (See  Fig.)  The  lines  of  stratification  of  these  in- 
cluded portions,  conform  to  the  strike  and  dip  of  the  formation.  The  phenomena  indicate 
that  the  trappean  rock  was  much  broken  and  fissured  previous  to  the  deposition  of  the 
sedimentaiy  mud  and  sand  which  filled  the  fissures,  and  was  subsequently  hardened  and 
tilted  with  the  whole  series.  Directly  underlying  the  amygdaloid  is  a  stratum  of  coarse 
conglomerate,  the  pebbles  of  which  reach  a  foot  in  diameter  and  are  always  round  and 
smooth.  They  are  chiefly  composed  of  a  hard,  reddish  quartz-porphyry.  The  observed 
thickness  of  the  conglomerate  was  about  thirty  feet. 

Westward,  about  half  a  mile,  near  the  quarter-post  of  Sees.  21  and  28,  T.  44,  R.  9 
W.,  there  is  a  fine-grained,  dark-gray,  slightly  amygdaloidal  trap.     Southwestward  a 


Digitized  by 


Google 


404  GEOLOGY  OF  THE  UPPER  ST.  CROIX  DISTRICT. 

mile  and  a  half  is  a  brown  stone  diabase,  exposed  near  the  center  of  Sec.  82  (spec.  361), 
which  is  closely  allied  to  one  found  about  a  quarter  of  a  mile  southeast  of  the  latter  in 
the  S.  E.  qr.  of  Sec.  32.  These  outcrops  are  concealed  by  thick  brush,  and  were  struck 
in  a  random  search. 

Town  43,  R.  9  W.  The  ac^joining  town  on  the  south  (T.  43,  R.  9  W.).  is  largely 
low,  flat,  marshy  country,  but  wherever  there  is  an  island  in  the  prevailing  cedar  swamp, 
it  usually  exhibits  Kewcenawan  rock.  The  difficulties  of  traversing  it,  except  when 
frozen,  are  a  serious  obstacle  to  exploration,  and  only  a  few  of  the  more  accessible  out- 
crops were  examined.  In  the  S.  E.  qr.  of  Sec.  6,  the  Totogatig-once  river  is  boixlered 
on  either  side  for  half  a  mile,  by  hhiSa  of  trappean  rock,  reaching  at  some  points  an 
altitude  of  200  feet.  The  uppermost  beds  are  a  dark,  slightly  reddish  diabasoid  rock 
of  fine  grain,  which  is  underlaid  by  dark  reddish  brown  diabase  amygdaloid,  enclosing 
quartz,  epidotc  and  chlorite.  From  this  point,  for  half  a  mile,  there  are  dark  augitic 
beds,  succeeded  for  100  yards  by  a  soft,  dark  red  diabasoid  rock,  followed  for  200  yards 
by  a  coarse-grained  diabase,  and  for  50  yards  by  a  very  dark,  soft  diabasoid  rock  with 
very  large  spherules  of  dark  chlorite;  again  by  50  yards  of  very  fine-grained  gray  dia- 
base amygdaloid,  with  calcite  as  the  cavity  filling. 

If  we  follow  down  the  Totogatig-once  into  the  west  half  of  the  section,  we  shall 
encounter,  about  a  quarter  of  a  mile  above  Whalen's  dam,  light  colored,  greenish  dia- 
base amygdaloid,  the  cavities  of  which  are  numerous  and  well  defined,  and  are  occupied 
mainly  by  quartz.  Acljacent  to  this,  the  surface  is  occupied  for  lO*)  yards  by  a  dark 
diabase  of  close  grain,  which  is  succeeded  by  a  very  fine-grained,  dark-reddish  crystal- 
line rock  containing  nodules  of  chlorite.  Following  down  to  the  dam,  near  the  east 
quarter-post  of  Sec.  1,  T.  43,  R.  10  W.,  we  find  the  stream  making  its  bed  in  a  dark 
colored,  rather  coarsely  crystalline,  diabase-like  rock,  usually  having  a  somewhat  red- 
dish hue,  associated  with  nearly  black,  feebly  amygdaloidal  beds,  witii  small  nodules  of 
calcite  and  epidote. 

Below  the  dam  the  rock  is  entirely  of  a  coarser  augitic,  mottled  character,  probably 
melaphyr,  and  is  very  much  fissured  and  broken.  The  partings  between  the  dipping 
beds  frequently  contain  irregular  seams  of  quartzose  and  chloritic  substance,  striated  in 
the  direction  of  the  dip.  This  was  not  observed  in  any  of  the  numerous  other  fissures. 
The  dip  is  25'  to  the  N.  W. 

Below  this,  in  the  southeast  bank  of  the  stream,  is  a  long,  low  ledge,  little  more  than 
two  feet  high,  and  only  accessible  in  low  water.  It  forms  the  base  of  a  hill  about  twenty 
feet  in  height.  The  rock  is  of  medium  hardness,  dark,  minutely  crystalline  texture,  and 
is  without  amygdules.    Its  dip  is  25''  to  the  N.  W. 

A  little  over  a  mile  down  stream,  southwestward,  near  the  quarter-post  between  Sees. 
11  and  12,  the  Toto^tig-once  is  joined  by  a  creek  coming  in  from  the  southeast.  This 
latter  is  bordered  for  two  miles  by  a  continuous  succession  of  cliffs,  rising  in  some  in- 
stances 200  and  300  feet  in  height.  The  dip  is  32"  to  the  N.  W.  The  dip  of  the  ledges 
gives  to  the  cliffs  a  moderate  slope  on  the  northwest,  but  they  have  a  precipitous  face  in 
the  opposite  direction,  producing  a  serrate  sky-line.  The  entire  series  apparency  con- 
sists of  diabase  and  diabase  amygdaloid  in  alternating  beds.  Within  about  half  a 
mile  of  the  eastern  extremity  of  this  range,  in  the  S.  W.  qr.  of  Sec  18,  T.  43,  R.  9  W., 
there  is  an  outcrop  of  dark  brown,  fine-grained,  epidotic  diabase  amygdaloid,  with  cavity 
fillings  of  epidote  and  quartz  (spec.  359).  North  of  this,  in  the  west  half  of  the  section, 
there  are  several  exposed  ledges  of  diabase. 

For  half  a  mile  along  a  creek  that  flows  from  Sec.  7  of  this  town,  through  the  north- 
cm  part  of  Sec.  13  of  the  adjoim'ng  town  (T.  43,  R.  10),  there  is  a  range  of  black  mot- 
tled diabase,  replaced  toward  the  northeast  by  a  soft,  dark  brown  amygdaloidal  lock, 
containing  nodules  of  calcite  and  epidote.  At  one  place  in  this,  an  east  and  west  vein 
eight  feet  wide  was  found,  consisting  chiefly  of  epidotic  rock,  and  carrying  oyBtalfl  of 
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epidote,  quartz,  calcite,  chlorite,  and  orthodase,  the  latter  occasionally  measuring  a  half 
inch  across.  In  one  place  small  specks  of  malachite  were  seen.  The  south  wall  of  this 
vein  consists  of  hard,  dark  broWn,  non-amygdaloidal  diabase-like  rock. 

T.  48,  R.  10  W.  In  the  N.  W.  qr.  of  Sec.  13,  T.  43,  R.  10  W..  is  a  small  ridge  which 
reveals  a  dark  brownish  red,  rather  soft,  crystalline  rock,  containing  irregular  masses  of 
epidotic  material,  and,  in  some  places,  large  amounts  of  dark  green  chlorite  in  amygda- 
loidal  form.  The  vertical  foces  of  the  ledge  show  large,  irregular  holes,  and  the  rock 
generally  has  a  partially  decomposed  appearance. 

About  thirty  rods  west  of  north  of  this,  is  an  outcrop  of  similar  rock,  containing 
amygdules  of  calcite.  Norttwest  from  this,  at  the  dam,  on  the  Totogatig-once  (also 
noted  as  Whalen's,  S.  E.  qr.  of  Sec.  11,  T.  43,  R.  10  W.),  there  is  a  ledge  running  in  a 
northeast  coursf  along  the  left  bank  of  the  stream  for  a  quarter  of  a  mile,  and  having 
a  height  of  about  50  feet.  It  consists  of  a  very  hard,  fine-grained,  dark  red  diabase, 
with  occasional  seams  and  nodules  of  calcite. 

In  the  N.  E.  qr.  of  Sec.  14  of  this  town,  is  a  hill  composed  of  finely  crystalline,  dark, 
slightly  reddish  non-amygdaloidal  diabase.  A  half  mile  south  of  this  is  a  protuberance 
of  more  coarsely  crystalline,  reddish  diabase,  containing  some  small  amygdules  of  chlo- 
rite. Three  miles  southwest,  near  the  quarter-post  of  Sees.  23  and  33,  T.  43,  R.  10,  a 
hill  in  the  woods  exposes  a  very  hojrd,  dark  colored,  crystalline  rock,  with  considerable 
epidote  running  through  it  in  irregular  masses.  Near  the  top  of  the  hill  is  found  a  very 
hard,  greenish  epidotic  rock — probably  epidotic  diabase  amygdaloid  (spec.  347) — con- 
taining nodules  and  sometimes  geodes  of  quartz  and  some  specks  of  malachite.  In 
miner's  parlance,  the  "  mineral  indications  "  would  be  considered  good  here. 

T.  42,  R.  10  W.  Within  a  mile  south  of  ^is,  in  the  northern  tier  of  sections  of  the 
acljoining  town  (T.  42,  R.  10  W.),  we  reach  the  Totogatig  river,  along  which,  through- 
out the  entire  township,  there  are  numerous  exposures  of  the  formation.  It  will,  per- 
haps, be  most  convenient  to  notice  them  as  they  are  encountered,  descending  the 
stream,  which  will,  in  general,  be  in  the  ascending  order  of  the  strata.  A  little  below 
the  dam  on  the  Totogatig,  probably  in  the  S.  E.  qr.  of  Sec.  12,  T.  42,  R.  10  W.,  on  the 
left  hand  side  of  the  stream,  the  timber  road  runs  over  a  small  hill  of  diabase,  which  is 
hanl,  tough,  compact,  close-gramed,  black,  and  free  from  amygdules.  About  a  quarter 
of  a  mile  below,  on  the  same  side  of  the  stream,  is  a  small  denuded  surface  of  rock, 
near  the  edge  of  the  river,  consisting  of  a  greenish  black  melaphyr  or  diabase,  contain- 
ing a  little  copper  pyrites. 

A  quarter  of  a  mile  farther  down,  the  river  runs  in  rapids  over  a  ledge  of  rock  similar 
in  texture  to  that  nearest  the  dam,  but  of  dark  gray  color,  rather  than  black,  and  givmg, 
on  weathering,  a  thin,  brown,  ferruginous  coating,  in  distinction  from  that  of  the  pre- 
ceding, which  was  nearly  white.  Near  the  line  between  Sees.  1  and  2,  there  is  a  ledge 
on  the  west  side  of  the  river,  exposed  about  80  yards  in  length,  and  terminating  at  the 
Big  falls.  The  upper  part  of  this  ledge  consists  of  a  fine-grained,  dark-gray  diabase 
amygdaloid  (sp.  329).  Thirty  yards  down  the  stream,  the  rock  becomes  a  reddish- 
brown  amygdaloid.  At  the  fdls,  the  rock  is  a  very  hard,  compactly  crystalline  melaphyr 
of  a  dark,  iron-gray  color,  modified  by  a  very  sHght  reddish  tinge  (sp.  330).  On  smooth 
weathered  surfaces,  it  has  a  dark,  dirty  red  hue.  The  river  here  rushes  through  a  nar- 
row channel  of  15  feet,  between  melaphyr  on  either  side,  and  falls,  in  a  short  cascade, 
about  10  feet.  The  ledges  are  much  cut  up  with  seams  and  jpints  on  all  directions. 
About  50  feet  west  of  the  falls  there  is  a  fine  exposure,  rising  about  20  feet  in  height,  in 
which  the  rock  is  light  gray,  very  hard,  fine-grained,  and  contains  a  large  amount  of 
quartz  and  epidote,  mingled  in  small  amygdules.  It  also  occasionally  exhibits  small 
quartz  veins  and  seams. 

At  an  old  camp  on  the  river,  near  the  east  line  of  Sec.  2,  is  a  fine-grained,  greenish- 
black  diabase,  forming  the  nucleus  of  a  small  hill.    About  100  yards  southwest,  on  the 
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timber  road,  is  another  oatcrop  of  light  greenish-gray  diabase  amygdaloid,  containing 
considerable  quartz  and  epidote. 

On  the  road,  in  the  N.  W.  qr.  of  Sec.  2,  is  a  small  flat  exposure  of  dark,  reddish- 
brown  diabase  amygdaloid,  calcite  being  the  chief  filling  of  the  cells  (sp.  832). 

Somewhat  north  of  the  center  of  Sec.  8,  is  a  limited  outcrop  on  the  west  side  of  the 
road.  It  consists  of  a  fine-grained,  dark,  reddish-brown  diabasoid  rock,  containing  a 
large  amount  of  epidote,  both  in  the  rock  and  in  small  amygdules,  and  also  in  large, 
irregular  patches,  some  of  which  have  an  indistinct  stratified  appearance.  In  Uiis 
exposure  there  is  a  remarkable  bed  of  stratified  rock,  two  feet  in  thickness,  entirely  con- 
formable to  the  under  and  overlying  trappean  beds.  It  consists  of  a  hard,  dark-brown, 
very  fine-grained  schist,  apparently  the  indurated  product  of  a  laminated  shale.  It  still 
splits  readily  into  its  origmal  constitueut  leaves,  which  are  distinctly  shown  in  the  cross 
fracture  by  variations  in  color  and  composition,  and  also  on  the  weathered  edge  by  the 
difierent  degrees  of  resistance  they  have  opposed  to  abrasion.  It  is  closely  associated 
with  the  igneous  rock,  both  above  and  below,  and  hand  specimens  may  be  obtained  in- 
cluding both  at  once;  yet  the  line  of  demarkation  is  distinct.  Its  metamorphism  was 
perhaps  due  to  the  heat  of  the  superposed  igneous  bed. 

Near  the  west  line  of  Sec.  3  is  a  rather  large  and  conspicuous  hill,  about  the  base  of 
which  are  several  rock  exposures.  These  consist  of  a  black  diabase;  in  some  places 
very  minutely  crystalline,  and  in  others  more  coarsely  so,  showing  cleavage  faces  of 
augite.  Near  the  centre  of  Sec.  4  there  is  a  small  outcrop  of  epidotic  amygdaloid 
(sp.  338). 

About  one-half  mile  below  the  mouth  of  Shelldrake  creek  are  the  "  Middle  Falls  "  of 
the  Totogatig,  where  the  river  shoots  through  a  narrow  channel  with  a  fall  of  about  8  feet 
in  a  distance  of  100  feet.  The  rock  exposed  here  is  a  mottled  diabase.  Dip,  25*  to  the 
N.  W.  About  200  yards  below,  the  formation  is  well  exposed  on  the  west  side  of  the 
river  along  the  rapids  for  200  yards,  the  rock  being  of  the  same  kind  as  at  the  falls. 
About  150  yards  below,  the  diabase  is  finely  exposed  in  a  bluff  about  40  feet  high,  also 
on  the  west  side  of  the  river.  On  the  east  side  a  light  green,  quite  peculiar  rock,  which 
appears  to  be  a  highly  altered  diabase  amygdaloid,  is  found  (sp.  339).  Trappean  rockB  of 
the  more  usual  kinds  occur  at  intervals  along  the  river  for  200  yards. 

In  the  road,  about  one-fourth  of  a  mile  above  Bean's  camp,  at  the  mouth  of  the 
Shelldrake  brook,  in  Sec.  4,  are  numerous  small  exposures  of  trappean  rock  (N.  E.  qr. 
Sec.  4,  T.  48,  R.  10  W.).  In  one  the  rock  is  dark  greenish  black,  and  somewhat 
epidotic.  In  another  it  is  a  light  greenish  gray,  epidotic  amygdaloid,  containing  numer- 
ous nodules  of  quartz.    In  another  the  amygdules  are  mainly  of  epidote  and  chlorite. 

On  the  west  bank  of  the  Totogatig  river,  in  the  N.  W.  qr.  of  Sec.  4,  T.  42,  R.  10 
W.,  near  the  water's  edge,  is  a  small,  low  outcrop  representing  the  sedimentaiy  portion 
of  the  Copper-bearing  series.  The  upper  six  inches  consists  of  a  trap-derived  sand,  in 
which  particles  of  nearly  all  the  varieties  of  the  igneous  series  can  be  detected.  Below 
this  lies  a  bed  of  conglomerate,  containing  besides  trappean  grains,  seams  and  irregu- 
lar pieces  of  brown  indurated  shale.  These  exhibit  no  lines  of  lamination,  but  lie  with 
their  longest  plane  parallel  to  the  lines  of  stratification.  At  the  base  of  the  limited 
exposure  there  is  a  very  fine-grained,  brown,  indurated  sandstone,  of  quartzite-like  aspect 
and  conchoidal  fracture.  It  shows  distinct  lines  of  deposition.  The  whole  dips  25*  to 
the  N.  W.,  thus  conforming  to  the  general  dip  of  the  series,  llie  whole  is  underlaid 
by  a  fragmental  rock  which  Prof.  Pumpelly  identifies  as  the  typical  Keweenaw  con- 
glomerate. 

About  300  yards  below,  the  formation  reappears  in  a  hill  100  feet  west  of  the  river, 
rhe  red  shale  mentioned  above  as  a  constituent  of  the  second  layer,  here  shows 
lines  of  stratification.  Above  this,  a  red  sandstone  of  trappean  derivation  discovers 
itself  in  the  face  of  the  b!uff. 
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Proceedio^r  down  the  river,  which  here  has  a  course  about  S.  30*  E.,  the  conglomer- 
ates and  sandstones  appear  in  alternating  layers.  At  the  head  of  the  rapids,  about  a 
half  mile  below,  called  the  "Slough  of  Grundy,"  there  is  a  fine  exposure  on  the  west 
side  of  the  stream.  The  dip  is  here,  as  before,  25*  to  the  N.  W.  The  beds  are  gener- 
ally thin,  and  the  conglomerates  and  sandstones  persistently  alternate  with  esixh.  other. 
The  conglomerates  appear  to  contain  nothing  which  might  not  be  derived  from  the 
trappean  series.  The  lower  beds  of  the  conglomerate  contain  larger  and  more  rounded 
fragments,  one  variety  of  which  is  a  porphyritic  rock,  not  observed  in  place. 

In  one  place  in  the  conglomerate  there  is  a  layer  of  epidoto  rock  about  two  inches 
thick,  as  hard,  and  precisely  similar  to  that  found  in  the  igneous  beds,  but  which  shows 
lines  of  lamination  on  the  weathered  surface.  All  these  are  conformably  underlaid  by 
a  fine-grained,  greenish  black,  igneous  ruck  of  considerable  —  though  not  fully  exposed 
—  thickness. 

About  the  middle  of  the  "  Slough  of  Grundy,**  on  the  west  side  of  the  stream,  is  an 
exposure  of  diabase  in  a  vertical  wall,  about  8  feet  high  and  100  feet  long.  About  100 
yards  below  this,  on  the  east  side  of  the  river,  the  formation  presents  a  very  interesting 
phenomenon.  The  rock  all  appears  to  be  a  fine-grained,  hard,  black  diabase.  It  is, 
however,  mottled  on  exposed  surfaces,  and  presents  the  appearance  of  a  conglomerate 
in  which  the  matrix  and  the  pebbles  are  of  the  same  material.  Large  round  boulders 
from  1  to  4  feet  in  diameter  are  enclosed  in  it  at  irregular  intervals,  and  about  these  the 
rock  is  much  cracked,  and  shattered  in  all  directions.  Fifty  yards  below  this  the  rock 
has  the  same  composition,  but  contains  large  amygdules  of  chlorite  and  irregular  masses 
of  epidote  a  few  inches  in  circumference,  orthoclase,  quartz  and  chlorite.  The  conglom- 
critic  character  of  the  rock  is  here  better  defined  than  at  the  locality  mentioned  above. 
It  contains  seams  of  epidote  running  in  all  directions,  and  in  one  place  includes  a  red 
shale  showing  apparent  lines  of  stratification. 

Below  this  200  yards,  a  ledge  of  fine-grained,  dark,  reddish  diabase-like  trap  crosses 
the  river,  and  200  yards  below  that,  rapids  again  begm,  having  for  their  barrier  rock 
a  dark  diabase.  Next  below  is  a  disclosure  of  about  10  feet  of  gray  diabase,  the  in- 
dividual crystalline  ingredients  of  which  are  more  distinct  and  conspicuous  than  usual, 
though  not  very  large.  Next  succeeds  a  coarse,  dark,  mottled  diabase,  12  feet  in  thick- 
ness, followed  by  a  bed  of  6  feet  of  a  coarse,  diabasoid  rock  of  irregular  and  varying 
structure,  somewhat  chloritic  and  epidotic  in  irregularly  distributed  portions.  Next 
succeeds  a  coarser,  mottled  diabase  20  feet  in  thickness,  followed  by  a  bed  of  epidotic 
rock  5  feet  in  thickness,  which  is,  in  turn,  succeeded  by  twelve  feet  of  rock  of  distinctly 
individualized  crystalization,  similar  to  that  described  above. 

In  the  N.  E.  qr.  of  the  S.  E.  qr.  of  Sec.  5,  T.  42,  R.  10  W.,  is  a  small  hill  of  very 
daric,  close-grained  amygdaloid,  containing  calcite.  In  the  N.  W.  qr.  of  the  S.  W. 
qr.  of  Sec.  5  are  two  small  exposures  of  trap  in  low  hills.  The  first  consists  of  dark 
reddish,  somewhat  amygdaloidal  rock,  containing  epidote  and  calcite.  The  other,  about 
50  yards  S.  E.  of  this,  has  for  its  lower  bed  a  light  greenish  gray  epidotic  rock.  This 
bed  is  overlaid  by  a  fine-grained,  dark  brown  diabase  pseudo-amygdaloid.  The  amyg- 
dules are  largely  of  calcite.  In  some  parts,  there  are  seams  of  chlorite,  which  is  here 
less  dark  and  ferruginous  than  is  common.  This  is  succeeded  on  the  S.  E.  by  a  dark 
mottled  diabase,  which  was  traced  100  yards,  when  it  became  concealed.  About  200 
yards  N.  70*  W.  of  the  last  exposure,  and  about  200  feet  south  of  the  river,  is  a  small 
hill  of  what  has  been  identified  by  Prof.  Pumpelly  as  diabase  tufa  of  the  ashbed  type 
(sp.  337).  It  has  a  thickness  of  at  least  50  feet  The  main  constituent  is  a  fine-grained 
and  dark  reddish  brown  rock,  This,  in  portions,  is  very  highly  amygdaloidal  or  tufa- 
ceous,  but  a  portion  of  it  very  closely  resembles  the  indurated  sedimentary  formation. 
The  cavities  are  largely  occupied  by  calcite  and  epidote.  At  the  base  of  this  stratum, 
in  one  locality,  and  lying  between  it  and  the  amygdaloid  that  underiies  it,  there  is  a 
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hard  rock  of  quartzitic  aspect;,  conchoidal  fracture,  and  laminated  structure.  It  appears 
to  be  the  indurated  product  of  a  semi-metamorphosed  shale,  or  fine  sand,  derived  from 
the  igneous  beds.  It  seenw  to  occupy  a  hollow  in  the  surface  of  the  underlying  rock, 
and  conforms  to  its  dip.  The  following  figures  represent  its  surface  and  sectional 
appearance: 

Fio.  5  a. 
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The  underlying  bed  is  amygdaloidal,  probably  a  diabase,  enclosing  chlonte;  and 
below  this  is  a  minutely  crystalline  trap,  probably  a  diabase.  The  dip  here  is  24*  to 
the  N.  W. 

On  the  S.  E.  bank  of  the  Totogatig  river,  near  the  line  between  Sees.  5  and  6,  there 
is  a  small,  uncovered  area  of  a  dark  reddish,  highly  cxystalline,  diabase- like  rock. 
About  *30  yards  below,  on  the  opposite  side,  the  rock  has  the  same  color,  but  is  more 
minutely  crystalline,  and  carries  considerable  epidote.  About  a  fourth  of  a  mile  below 
the  section  line,  there  is  a  low  ledge  of  epidotic  rock,  of  light  greenish  gray  color,  asso- 
ciated with  a  dark  greenish  trap  containing  some  chlorite.  About  a  quarter  of  a  mile 
below  this,  at  some  short  rapids,  there  is  a  fine  exposure  on  both  sides  of  the  river,  con- 
sisting of  a  minutely  ciystalline,  greenish  black,  epidotic  amygdaloid  containing  nodules 
of  calcite  and  chlorite,  and  occasional  seams  of  quartz.  The  bed  has  a  thickness  of  10 
feet.  In  this  exposure  is  also  found  a  hard,  bright  green,  epidote  rock,  having  a  some- 
what resinous  lustre.  At  the  middle  of  the  rapids,  a  very  fine-grained  black  diabase  is 
exposed  for  a  thickness  of  15  feet,  and  at  the  foot  there  are  4  feet  of  fine-grained  ays- 
talline  rock,  in  which  there  is  much  irregularly  distributed  epidote  and  quartz.  It  aJso 
contains  small  specks  of  native  copper.  It  is  underlaid  by  5  feet  of  hard,  greenish  gray* 
epidotic  diabase  amygdaloid,  with  quartz  and  epidote  filling  the  vessides  (sp.  342).  The 
strata  at  these  rapids  are  noted  as  having  the  singular  dip  24"*  on  a  course  N.  60"  £. 
The  lower  two  feet  are  characterized  by  a  more  irregular  arrangement  of  the  secondary 
minerals  (sp.  243).  About  one-fourth  of  a  mile  below  this,  we  come  to  the  lower  &lls 
of  the  Totoga%.  These  falls,  together  with  the  rapids,  extend  for  about  100  yards,  and 
d  ^scend  25  feet  They  offer  a  very  fine  water-power.  At  the  head  of  the  rapids,  the 
rock  is  minutely  crystalline,  black  and  dark  red,  frequently  containing  amygdules  of  chlo- 
rite.   At  one  point,  a  small  vein  of  daric  green  chloritic  material,  much  decomposed 
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and  canyingf  considerable  qoartz,  was  obserred;  and,  near  it,  a  vein  of  quartz  carrying 
particles  of  native  copper. 

About  20  feet  below  this,  the  rock  is  a  reddish-brown  amygdaloid,  containing  calcite, 
chlorite  and  orthoclase.  The  beds  are  here  very  much  broken  up  and  shattered,  and 
seem  to  dip  in  all  directions,  but  chiefly  toward  the  N.  W.  Short  veins  of  quartz  and 
chlorite  are  very  numerous,  and  often  contain  small  particles  of  native  copper  and  mala- 
chite.   This  ends  the  series  on  the  Totogatig. 

In  the  N.  E.  qr.  of  Sec.  8  (T.  42,  R.  10  W.),  there  is  a  ledge  of  dark  reddish-brown 
amygdaloid,  containing  chlorite.  It  has  a  dip  of  about  20°  N.  W.  Commencing  in  the 
northwestern  portion  of  this  section  and  the  southwestern  of  Sec.  5,  there  extends  south- 
westward  to  Frog  creek,  on  the  west  line  of  Sec.  13,  T.  42,  R.  11  W.,  an  almost  contin- 
uous range  of  exposed  trappean  ledges.  It  has  a  width  of  from  20  to  80  rods,  and 
consists  of  a  dark  diabase  (sp.  322),  which  maintains  a  quite  constant  character  through- 
out the  range,  save  a  variation  in  coarseness  of  crystallization.  The  ridge  is  heavily 
timbered  with  birch,  maple,  balsam  and  some  pine.  Above  this,  on  and  adjacent  to 
Frog  creek,  there  is  a  large  area  of  the  formation,  mainly  denuded  of  superficial  aocumu- 
lations,  occupying  parts  of  Sees.  13  and  24,  T.  42,  R.  11  W.,  and  Sees.  17,  18, 19  and 
20,  of  T.  42,  R.  10  W.  Commencing  near  the  range  line  on  the  east  side  of  Sec.  13, 
Frog  creek  channels  through  tr^pean  rock  for  about  one-fourth  of  a  mile.  To  this  the 
name  '*  Darnells ''  has  been  given.  The  rock  is  in  general  a  diabase  amygdaloid,  con- 
taining large  quantities  of  dark  chlorite,  and  also,  in  places,  a  large  amount  of  epidote. 
At  one  locality  near  the  middle  of  the  Darnells,  a  north  and  south  fissure,  about  six 
inches  wide,  was  seen,  the  walls  of  which  were  lined  with  a  seam  of  quartz  one-half 
inch  thick,  faced  with  crystal  points  directed  toward  the  center.  The  interior  of  the 
fissure  seems  to  be  occupied  only  by  loose  rock. 

About  100  yards  west  of  the  Darnells,  there  is  another  good  exposure,  in  the  bed  of 
the  stream,  consisting  of  a  hard  greenish-black,  rather  coarsely  crystalline  diabase,  con- 
taining considerable  magnetite. 

East  of  the  Darnells,  about  200  yards  beyond  tiie  range  line,  and  in  the  wood,  50 
to  100  yards  south  of  the  river,  are  several  low,  long  ledges  of  dark,  hard,  greenish-black 
amygdaloid,  containing  considerable  quartz  and  epidote  in  cells  and  seams. 

Starting  horn  the  west  quarter-post  of  Sec.  18,  T.  42,  R.  10  W.,  there  stretches,  for  a 
mile  northeast,  a  range  of  coarsely  crystalline  diabase,  having  a  dip  24°  N.  W.  It  forms 
a  ridge  about  100  yards  wide.  This  seems  to  be  overlaid  in  places  on  its  northwest  side 
by  a  more  closely  crystalline,  dark-reddish  amygdaloid. 

Proceeding  from  the  northeastern  extremity  of  this  in  a  southeasterly  course  about 
fifty  yards,  another  ridge  about  120  yards  wide  is  encountered.  This  is  a  comparatively 
soft,  rather  coarsely  crystalline,  dark  red,  slightiy  amygdaloidal  rock,  containing  chlorite 
and  some  epidote,  as  occasional  constituents. 

Advancing  southeasterly  200  yards,  we  find  a  small  outcrop  in  the  middle  of  a  tamarac 
swamp.  This  rqck  is  a  very  hard,  medium,  or  fine  grained,  epidotic  diabase  amygda- 
loid.   Calcite  is  associated  with  epidote  in  the  amygdules. 

The  foregoing  ridges  have  a  marked  northeasterly  trend,  and  in  contour,  present  an 
abrupt  southeast  side,  often  forming  a  cliff  exposure  of  a  few  feet,  with  a  gentie  slope 
to  the  northwest.  The  timber  on  these  is  hard  wood.  Low  flat  ground,  usually  swampy, 
lies  between  them. 

The  height  of  the  ridges  above  the  intervening  swamps  is  seldom  more  than  fifty  feet, 
and  may  be  averaged  at  thirty  feet  The  rock  continues  to  appear  in  low  exposures,  for 
about  200  yards  down  stream. 

Returning  to  near  the  center  of  Sec.  18  (T.  42,  R.  10  W.),  at  the  dam  noted  as  the 
second  one,  are  numerous  exposures  of  the  formation.  In  these  there  appears  to  be  a 
general  parallelism  of  the  abrupt  southeast  sides  of  the  outcrops,  and  a  gentie  slope  of 
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aboai  12"  to  the  northwest  Th3  rock  appeara  to  be  a  dark,  hard  melapbyr  (spec.  321), 
presentiiig  a  mottled  aspect  on  ths  weather3d  surface.  There  are  some  faces  on  the 
east  side  of  the  river  that  dip  about  80'  in  a  direction  N.  50*  W. 

In  the  N.  W.  qr.  of  the  8.  W.  qr.  of  the  section,  there  is  a  small  ezposore  on  the  *'  tote  " 
road  consisting  of  a  dark,  reddish  brown  diabase  amygdaloid  (spec.  320).  This  rock  is 
softer  than  is  common  and  packs  under  the  hammer.  About  100  feet  west,  the  rock 
becomes  more  coarsely  crystoUine,  and  very  hard,  containing  much  quartz  in  amygdulef. 

Ascending  Frog  creek  to  the  S.  W.  qr.  of  Sec  17  (T.  42,  R.  10  W.),  about  IW  feet 
below  the  upper  dam,  on  the  east  side  of  the  stream,  are  several  large  ledges  of  veiy 
hard,  reddish  brown,  coarsely  crystalline  diabase.  This,  and  much  of  the  trap  in  the 
vicinity,  on  weathering,  presents  a  mottling  of  white  spots.  Kear  the  S.  W.  comer  of 
Sec.  17  (T.  42,  R.  10  W.),  at  Dunnes  old  camp,  are  several  low  denuded  ledges  of 
amygdaloid,  containing  chiefly  chlorite,  vnth  some  quartz  and  epidote,  as  cell-filling, 
with  occasional  seams  of  the  latter.  In  some  of  the  quartzose  portions,  small  particles 
of  native  copper  were  seen.  Much  of  the  rock  here  is  soft  and  will  pack  under  the 
hammer.  About  forty  rods  northeast  of  Dunn*s  old  camp,  there  is  quite  a  large  hiU  of 
very  hard,  distinctly  crystalline,  dark  iron  gray,  epidotic  diabase  amygdaloid. 

Passing  on  into  Sec  20,  about  300  feet  below  the  Dalles  we  encounter  a  small  ledge 
of  very  hard,  fine-grained,  greenish  gray,  epidotic  amygdaloid.  At  the  Dalles  (N.  E. 
qr.  of  N.  W.  qr.  of  Sec  20,  T.  42,  R.  10  W.)  there  is  a  fine  disclosure  of  diabase,  form- 
ing the  barrier  rock  of  the  falls  and  the  Dalles.  This  is  the  highest  point  on  Frog  creek 
where  rock  in  situ  is  known  to  occur.  The  rock  first  encountered  is  of  a  dark  red  cdor, 
somewhat  soft,  and  full  of  large  amygdules  of  chlorite,  which  are  sometimes  surrounded 
by  a  shell  of  epidote.  Ascending,  a  very  fine-grained,  iron  gray,  non-amygdaloidal  rock 
is  found,  followed  by  a  very  hard,  compact,  nearly  black  diabase  amygdaloid,  containing 
chlorite  and  epidote.  The  dip  was  not  satisfactorily  made  out.  There  are  a  great  num- 
ber of  small  ledges  scattered  over  this  quarter  section,  appearing  here  and  there  in  the 
brush. 

T.  42,  R.  11  W.  Returning  to  the  a(^ioining  township  (T.  42,  R.  11  W.),  we  find 
near  the  southeast  comer  of  Sec.  13,  about  200  feet  south  of  the  lowest  exposure  on  the  ad- 
jacent portion  of  Frog  creek,  a  ledge  consisting  of  very  fine-grained,  dark  reddish  brown 
diabase  amygdaloid,  carrying  nodules  of  epidote  and  quartz.  The  bed  is  about  75  feet 
thick.  This  is  overlaid  by  soft,  brown,  chlontic  amygdaloid,  100  feet  thick.  Next 
there  is  30  feet  of  dark,  rather  coarsely  crystalline,  diabase  amygdaloid,  carrying,  in  the 
cavities,  quartz  and  epidote.  There  follows  this  a  hard,  finely  crystaUine,  reddish  gray, 
diabase  amygdaloid,  containing  spherules  of  quartz,  epidote,  and  a  little  laumontite 
Thickness,  10  feet.  This  is  succeeded  by  a  dark  brown,  rather  coarsely  ciystalline,  dia- 
base, in  thickness  10  feet  To  these  outcrops  then  succeed  a  belt  on  the  hill  side,  want- 
ing in  exposures,  but  in  which  all  the  surface  rock  is  sandstone,  which  is  usually  dark 
red,  and  contains  much  quartzose  material  and  grains  derived  from  trappean  rocks.  It 
is  to  be  noticed  that  there  is  little  foreign  drift  in  this  vicinity. 

About  a  quarter  of  a  mile  southeast  of  this,  there  is  a  low  exposure  of  rather  coarsely 
crystalline  diabase.  Near  the  W.  line  of  the  S.  E.  qr.  of  Sec.  13,  about  200  feet  south 
of  the  creek,  is  an  outcrop  of  rather  coarse,  very  dark  diabase. 

About  200  feet  southeast  of  this,  a  small  ridge  shows  much  loose  sandstone  of  trap- 
pean derivation.  About  one  mile  south  of  the  above,  near  the  S.  E.  cor.  of  Sec  24,  (T. 
42,  R.  11  W.),  and  on  the  north  of  a  small  brook,  is  a  low  exposure  of  dark,  rather 
coarsely  crystalline  diabase  (sp.  322). 

About  one  mile  west  of  this,  in  the  S.  E.  qr.  of  Sec  23,  there  is  a  low  exposure  of 
similar  diabase,  on  both  sides  of  a  small  tributary  of  Frog  creek.  Near  the  centie  of 
Sec  23,  on  the  south  bank  of  the  same  stream,  is  a  low  outcrop  about  100  jaidi  in 
length,  of  a  neariy  black,  fine-grained  diabase. 
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In  the  N.  E.  qr.  of  Sec.  23.  T.  42.  R.  11  W.,  is  a  small  uncovered  area  of  a  rather 
•oaraely  ciystaUine,  dark,  reddish  brown,  amygdoidal  diabase,  carrying  qnartz  and 
xilcite. 

About  300  yards  northwest  of  this,  is  a  very  fine  grained,  compact,  brown  diabase,  with 
imygdules  of  quartz  only.  This  is  overlaid  by  a  rock  similar  to  that  seen  in  the  preced- 
ng  outcrop.  Above  this  the  rock  shows  planes  of  division,  not  imlike  cleavage  planes. 
3n  the  northwest  brow  of  the  dome,  the  rock  is  dark  brown,  rather  coarsely  crystalline, 
with  aggregations  of  quartz  and  epidote  and  specks  of  magnetite. 

About  200  yards  northwest  of  the  last  exposure,  is  another 
ledge,  rising  about  20  feet  high,  and  dipping  24*  to  the  N.  W., 
in  which  the  beds  are  quite  distinctly  individualized,  having  an 
abrupt  and  irregular  slope  to  the  southeast  —  this  representing 
their  fractured  edge  —but  more  gentle  and  regular  slope  to  the 
northwest —  this  representing  their  upi)er  face. 

The  lowest  bed  is  a  rather  coarsely  crystalline  diabase,  10  feet 
in  thickness.  This  is  surmounted  by  a  fine  grained,  black,  or  dark 
gray  diabase  of  30  feet  thickness,  when  there  follows,  a  bed  of  the 
same,  save  the  presence  of  red,  jasper-like  particles;  and  this 
again  is  overlaid  by  rock  like  that  beneath.  The  dip  is  24*"  N. 
W.  About  150  feet  southwest  of  this  is  another  small  hill  of 
coarse  diabase.  Its  position  is  such  as  to  indicate  that  it  may 
form  a  bed  about  50  feet  in  thickness,  underlying  the  base  of  fhe 
preceding  outcrop. 

Next  underlying  this  is  a  bed  of  fine-grained,  brown  diabase 
amygdaloid,  containing  a  largo  amount  of  calcite  in  the  amyg- 
dular  cavities.  Thickness,  20  feet.  This  reclines  upon  rock  of 
similar  general  aspect,  but  mainly  wanting  in  calcite,  yet  it  con- 
tains considerable  chlorite,  and  is  rather  coarser  and  softer  than 
the  above.  Thickness  about  50  feet.  This,  again,  is  supported 
by  a  hard,  daik  diabase  amygdaloid,  with  a  thickness  of  40  feet. 
This  is  underlaid  by  a  chloritic  amygdaloid,  20  feet  in  thickness, 
and  underlying  this,  is  a  rather  coarse  epidotic  diabase.  Beneath 
this,  again,  is  a  fine-grained,  dark,  reddish  brown  diabase  amyg- 
daloid, 25  feet  thick,  and  this  is  finally  supported  by  a  fine- 
grained, dark  gray  and  greenish  gray,  epidotic  diabase  amygda- 
loid about  50  feet  thick.  Near  the  S.  W.  cor.  of  this  section  (23, 
T.  42,  R.  11  W.),  there  is  a  small  exposure  of  a  dark  gray,  fine- 
grained, somewhat  amygdaloidal  diabase.  This  is  part  of  a 
very  low,  long  ridge  that  runs  for  about  a  mile  from  N.  N.  E.  to 

s.  s.  w. 

Near  the  N.  W.  cor.  of  Sec.  26,  there  is  a  very  fine  exposure, 
in  a  break  in  the  ridge,  known  as  the  **  Hole  in  the  Wall."  The 
rock  here  breaks  down  precipitously  about  15  feet,  forming  a 
pass  which  is  occupied  by  the  road.  Lithologically  the  forma- 
tion is  here  similar  to  that  of  the  last  exposure,  but  contains  more 
augite.  It  develops  a  white  mottling  on  its  weathered  surfaces. 
The  dip  is  30"  to  N.  W.  There  is  a  noticeable  uniformity  in  the 
character  of  the  rock  for  long  distances  on  the  line  of  strike,8howing  the  persistence  of 
the  same  beds.  This  rock  is  thought  to  He  at  the  base  of  the  series  found  in  tjie  N.  E. 
y.  of  Sec.  23,and  to  immediately  underlie  the  epidotic  diabase  amygdaloid.  It  proba- 
oly  has  a  thickness  of  200  feet.  In  the  S.  W.  qr.  of  Sec  28.  T.  42,  R.  11  W.,  on  the 
iouth  side  of  the  south  fork  of  Frog  creek,  there  is  a  small  outcrop  of  a  hard,  tough, 
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fine-grained  diabase  peeudo-amygdaloid,  containing  caldte  and  chlorite,  and  weather- 
ing to  a  light  color  to  the  depth  of  an  eighth  of  an  inch.  Southwest  from,  this,  there 
are  reported  to  exist  one  or  two  small  outcrops,  very  difficult  to  find  in  the  wfldemess, 
but  the  formation  becomes  essentially,  and  at  length  completely  concealed  beneath  the 
surface  deposits.  Indeed,  it  \b  doubtful  whether  this  particular  horizon  ol  the  forma- 
tion again  appears  within  the  state,  or  at  any  point  to  the  southwestward.  But  if 
we  pass  almost  due  southwest  about  36  miles  to  the  vicinity  of  Clam  Falls,  we  shall 
encounter  another  cluster  of  outcrops  extending  onward  to  the  state  line. 

It  should  be  remarked  that  there  are  a  considerable  number  of  small  exposures  of 
trappean  rock  reported  to  lie  to  the  eastward  of  the  line  we  have,  in  imagination, 
pursued,  bridging,  in  the  main,  the  interval.  Some  of  these  were  sought  for,  bat  the 
brush  being  thick,  and  the  outcrops  low,  the  exact  spot  was  not  found.  As  there  is  no 
rational  ground  for  doubting  the  continuity  of  the  formation,  they  possess  only  their 
own  mherent  interest,  which,  owing  to  the  feebleness  of  their  exposure,  is  not  great 


THE  CLAM  FALLS  DISTRICT. 

T.  87,  R.  15  W.  The  first  individual  outcrop  of  the  Clam  Falls  group,  met  in 
coming  from  the  northeast,  is  in  the  N.  E.  qr.  of  Sec.  7,  T.  37,  R.  15  W.,  but  the 
main  exposures  of  the  formation  are  nearer  the  falls,  in  Sees.  12,  13,  14,  2^  and  24. 

In  the  N.  W.  qr.  of  S.  W.  qr.  of  Sec.  7,  the  rock  protrudes  from  the  drift  in  typkal 
trappean,  or  step-like,  outline,  as  shown  in  the  profile  on  the  preceding  page* 

The  rock  is  a  dark,  fine-grained  diabase  amygdaloid,  and 
contains  much  quartz  and  orthodase  in  small  patches,  asso- 
ciated with  epidote,  in  small  veins  and  crystalline  dusters. 
The  amygdules  of  epidote  often  have  a  central  filling  ol 
quartz;  magnetite  in  small  grains  is  also  observable.  The 
rock  is  much  cracked  and  no  distinct  system  of  joints  was 
discerned.  Some  portions  of  the  rock  are  greenish,  appar- 
ently due  to  disseminated  epidote,  containing  an  'epidotic 
diabase  amygdaloid,  with  dark  chlorite  as  the  main  cell  fill- 
ing.   Drift  groovings  here  bear  nearly  south. 

The  figure  opposite  represents  a  vein  of  amygdaloid,  noted 
as  crossing  the  beds  nearly  vertically.  It  is  about  three 
inches  wide,  with  a  soft  chloritic  scam  one-fourth  inch  wide  on 
either  side: 


There  was  also  noted 
as    occurring    here,   a 


Fig.  8. 


Sketch  8HOW1HO  Vwic  OF  very  peculiar   wrinkled 

T«APP,A»  B>i>..  appeamnce,  aa  though 

the  Igneous  mass  had 
flowed  in  a  pasty  condition.  This  is  in  the 
vicinity  of  a  contorted  vein  of  epidote  as  repre- 
sented by  the  sketch  opposite. 

North  of  the  river  near  the  falls,  the  ledges 
mount  up  m  steps  of  from  20  to  50  ^t  to  a  height 
of  about  230  feet  above  the  river  at  their  base,  form- 
ing a  bold  and  conspicuous  ridge,  from  which  an    sketch  Showiho  Comownm  TBoTof 
extensive   view  to  the  north   may  be  obtamed.  Bpidotb  xno  Psovliab  Wbxkuvm 
The  slope  of  the  strata  is  about  15*  to  the  W.  of  N.  <>'  "«  Subfaci. 
The  superficial  portion  of  the  beds,  which  is  that  mainly  exposed,  is  highly  amygdMloidal; 
while  Uie  central  and  lower  portions  are  less  markedly  so. 
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On  the  soathwest  side  of  the  stream,  near  the  quarter-post  of  Sees.  13  and  24,  and 
elsewhere  on  that  side,  the  rock  is  generally  less  amygdaloidal ;  indeed  the  mass  at  the 
formation  is  not  amygdaloidal,  but  contains  scattered  patches  that  are  so.  It  cannot 
be  distinguished  in  the  field  from  the  common  dark  diabase  of  the  formation. 

T.  87,  R.  16  W.  The  S.  E.  qr.  of  Sec.  14,  T.  37,  R.  16  W.,  possesses  interest  as 
being  one  of  the  two  localities  where  quartziferous  porphyry  is  exhibited  in  the  region 
described  in  this  chapter.  The  other  locality  is  a  little  over  two  miles  due  south  of  this, 
in  the  N.  W.  qr.  of  the  N.  E.  qr.  of  Sec.  35  of  this  township.  The  rock  (spec  309)  in 
both  instances  is  essentially  the  same.  It  is  close-grained,  pinkish  red,  and  breaks 
readily  into  sharp-edged,  angular  blocks. 

This  tendenqr,  under  the  action  of  the  elements,  especially  frost,  is  exhibited  in  the 
natural  outcrop  to  such  an  extent  that  the  surface  is  mainly  reduced  to  a  mass  of  sharply 
angular  blocks.  The  larger,  distinct  ciystals  of  feldspar  vaiy  from  one-fifth  to  one-tenth 
of  an  inch  in  length,  and  aro  imbedded  among  a  mass  of  much  smaller  crystals  of  the 
same  mineral,  associated  with  small  particles  of  quartz,  the  whole  forming  a  minutely 
ciystalline  base.  It  is  not  apparent  to  the  unaided  eye  that  there  is  any  strictly  unin- 
dividualized  matrix.  The  formation  has  a  dip  of  20**  to  N.  20**  W.  Taking  this  in  con- 
nection with  the  position  of  the  two  outcrops,  it  appears  evident  that  they  do  not  belong 
to  the  same  horizon,  but,  on  the  contrary,  constitute  portions  of  separate  beds. 

In  the  S.  E.  qr.  of  Sec  23,  thero  is  a  low  outcrop  of  fine-grained,  nearly  black  diabase. 
The  small  exposure  gives  no  reliable  indication  of  its  dip  or  strike.  A  quarter  of  a  mile 
north  of  this,  thero  is  another  small  outcrop  of  dark  green,  trappean  rock,  containing 
distinct  cleavage  feces  of  augite,  and  large  numbers  of  red  particles,  probably  hematite, 
a  product  of  chemical  metamorphism. 

In  the  N.  £.  qr.  of  Sec  23,  a  short  distance  north  of  the  last,  is  an  exposure  of  amyg- 
daloidal diabase.  To  the  north  of  this,  thero  is  a  succession  of  exposed  ridges  extending 
to  the  road  leading  to  Clam  Falls.  The  dip  of  these  varies  from  10^  to  20^  to  the  west 
of  north.    The  rock  is  slightly  amygdaloidal^  and  contains  small  veina  of  epidote. 

In  the  N.  E.  qr.  of  Sec  28,  there  is  a  very  coarse  grained,  greenish  gray,  trappean 
rock,  having  a  porphyritic  aspect,  owing  to  large  crystals  of  feldspar.  South  of  this, 
near  the  range  line  between  towns  36  and  37,  there  are  numerous  small  outcrops,  lying 
mostly  in  Sees.  33  and  34,  the  locations  of  which  are  shown  on  the  accompanying  atlas 
map.  They  possess  little  to  distinguish  them  from  the  common  non-amygdaloidal 
diabase  rocks  of  the  series,  and  are  too  feebly  exposed  to  give  reliable  measurements  of 
dip  and  strike.  A  small  outcrop,  found  in  the  N.  W.  qr.  of  Sec  35,  may  be  classed 
with  these,  being  almost  identical  in  character. 

In  the  N.  W.  qr.  of  Sec.  10  of  this  township,  there  is  a  dark,  almost  black,  highly 
magnetic  diabase,  which  has  a  white,  mottled  appearance  on  weathering,  due  doubtless 
to  the  kaolinzation  of  the  feldspar.  The  outcrop  is  covered  with  large,  angular  blocks, 
due  probably  to  the  riving  action  of  frost.  This  prevents  a  definite  measurement  of  the 
dip,  but  the  longer  slope  of  the  ledge  is  northward. 

T.  88,  R.  16  W.  In  the  N.  W.  qr.  of  the  S.  E.  qr.  of  Sec.  33,  T.  38,  R.  16  W.,  b  a 
small  exposure  of  a  fine-gnuned,  dark  greenish  diabase.  Such  amygdules  as  are  pres- 
ent are  confined  to  the  upper  surfaces  of  the  beds,  or  what  appear  to  be  such.  A  north- 
ward slope  of  the  surface  of  about  15°  probably  indicates  the  true  dip  of  the  beds. 

In  the  S.  W.  qr.  of  the  section,  about  a  quarter  of  a  mile  west  of  the  last,  is  a  ledge 
of  similar  rock,  which  is,  however,  very  amygdaloidal  in  some  portions  and  not  at  all  so 
in  others.  This  outcrop  has  been  much  planed  by  glacial  action,  but  no  distinct  strisB 
were  observed.    This  forms  the  most  northerly  exposure  of  this  group. 

T.  87,  R.  17  W,  About  three  and  a  half  miles  southwest  of  ttiis,  in  Sees.  11,  12, 
13  and  14  of  T.  37,  R.  17  W.,  the  ledges  of  the  formation  are  exposed  in  frequent  sue- 
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cession.    In  the  S.  E.  qr.  of  Sec  12,  the  trap  is  hard,  black  and  very  fine-grained, 
changing  to  a  dark  greenish  rock,  mottled  by  black  crystals  of  augite. 

Near  the  S.  W.  comer  of  the  section,  on  the  west  side  of  a  small  creek,  the  forma- 
tion consists  of  an  amygdaloid,  with  chlorite  as  the  main  filling  of  the  cavities.  In  the 
S.  E.  qr.  of  Sec.  11,  the  rock  is  also  quite  amygdaloidal,  carrying  epidote,  often  with  a 
central  core  or  interior  lining  of  quartz,  containing  also  sometimes  orthoclase.  South  of 
the  center  of  the  section  the  rock  is  dark,  almost  black,  very  fine-grained,  and  contains 
very  few  amygfdules.    At  one  point  a  large  amount  of  epidote  was  observed. 

Crossing  Wood  river  to  the  west,  we  find  near  the  quarter-post  of  Sees.  10  and  11,  a 
diff  about  100  feet  high  and  half  a  mile  in  length.  The  rock  is  a  greenish  black 
diabase,  associated  with  diabase  amygdaloid.  It  contains  much  chlorite,  and  in  the 
amygdules,  quartz,  epidote  and  orthoclase.  It  acts  strongly  on  the  needle,  indicating  a 
large  content  of  magnetite.  A  three  inch  vein  of  epidote  rock  was  traced  several  yards, 
when  it  became  concealed  by  soil. 

In  the  S.  £.  qr.  of  Sec.  9  of  this  town,  there  is  a  ledge  of  dark,  greenish,  grayish  and 
purplish,  compact,  minutely  ciystalline,  eruptive  rock,  probably  a  diabase.  It  is  trav- 
ersed by  numerous  seams  and  veins  of  epidote  rock,  some  of  which  are  quite  well 
defined.  They  are  from  a  quarter  of  an  inch  to  four  inches  wide,  and  contain,  besides 
epidote,  orthoclase  and  some  calcite. 

Three  miles  southeast  of  this,  in  the  N.  W.  qr.  of  Sec.  24,  on  the  southwest  side  of 
a  creek,  there  ia  a  low  ledge  of  dark  colored,  fine  grained,  epidotic  diabase  amygdaloid 
(spec.  385),  associated  with  diabase  pseudo-amygdaloid.  The  latter  is  traversed  by  veins 
cf  epidote,  and  the  amygdaloidal  filling  consists  mainly  of  quartz,  epidote  and  chlorite. 

About  one  mile  south  of  west,  in  the  N.  E.  qr.  of  Sec.  26,  is  a  low  ledge  of  porphyritic 
pseudo-amygdaloid  (spec.  383).  Its  porphyritic  aspect  is  due  to  distinct  crystals  of  gray 
and  red  feldspar.  The  ground-mass  is  gi-eenish  gray  and  rather  hard.  The  false  amyg- 
dules consist  of  epidote,  chlorite  and  quartz. 

In  the  N.  E.  qr.  of  the  S.  W.  qr.  of  this  section,  the  rock  is  of  the  same  general  type, 
but  the  specimen  collected  shows  a  more  uniform  grain,  and  the  absence  of  the  colored 
feldspar  noted  above. 

In  the  a^joming  S.  E.  qr.  of  Sec.  27,  the  porphyritic  type  is  again  exposed  (spec.  382). 
Again,  a  little  farther  to  the  southeast,  the  granular  form  predominates  (spec.  681). 

About  a  mile  and  a  half  northwest,  near  a  small  lake,  on  the  north  line  of  Sec.  28, 
there  is  a  very  fine  grained,  hard,  gray  rock,  belonging  to  the  same  group  as  the  above, 
although  differing  considerably  in  texture  and  color  (spec.  387).  This,  however,  gives 
place  to  a  coarser,  darker  rock  of  the  same  general  class  (spec.  389). 

Less  than  two  miles  west  of  this,  in  the  S.  E.  qr.  of  Sec.  19,  there  is  a  ridge  about  50 
feet  high,  which  exhibits  small  and  detached  outcrops.  The  rock  is  a  hard,  dark,  gray- 
ish and  greenish  black  diabase,  very  rarely  amygdaloidal.  In  a  few  places  patches  of 
epidote  were  seen,  inclosing  angular  blocks  of  the  country  rock.  At  one  point  a  large 
exposure  of  very  hard,  compact,  dark  red  crystaUine  rock  was  observed- 

The  jointage  system  was  mainly  east  and  west  and  vertical. 

T.  86,  R.  18  W.  Southwest  from  this,  in  the  S.  W.  qr.  of  Sec.  2,  T.  36,  R.  18  W., 
there  is  exposed  a  large,  flat  area  of  trappeau  rock.  It  is  hard,  compact,  dark  grayish 
green,  and  very  amygdaloidal,  in  places,  and,  in  others,  not  so,  there  bemg  no  evident 
regularity  in  the  distribution  of  the  two  varieties.  The  amygdules  are  of  quartz,  epi- 
dote and  orthoclase.  The  bed  contains  veins  of  epidote  rock,  and  also  east  and  west 
seams,  of  2  inches  to  6  inches  in  width,  of  a  softer,  dark,  broken,  undetermined  rock.  A 
patch  of  rose  colored  quartz,  containing  epidote  and  malachite,  was  observed.  In  places 
the  magnetic  needle  was  reversed,  indicating  a  large  content  of  magnetite.  The  sur- 
face is  much  cut  up  by  joints,  which  are  in  east  and  west,  and  in  north  and  south  sys- 
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terns,  and  are  nearly  vertical.  There  is  noted  also,  as  occurring  in  the  same  section,  a 
similar  flat  exposure  of  rock,  resembling  in  character  that  above  described,  but  not 
amygdaloidal  except  in  patches.  It  is  dark  greenish  in  color,  and  contains  magnetite 
in  small  amygdales,  and  in  large  grains  in  the  rock,  which  can  be  knocked  out  in  suffi- 
cient size  to  influence  the  needle.  It  is  smoothed  and  striated  by  glacial  actkm  in  a 
direction  due  south. 

In  Sees.  11  and  12  of  this  town,  there  is  an  east  and  west  ridge,  about  250  feet  high, 
whose  top  is  quite  level,  and  heavily  timbered  with  oak  and  maple,  and  whose  sides 
disclose  trappean  ledges  all  around.  The  rock  is  a  hard,  dark  diabase,  in  part  amygda- 
loidal and  epidotic  (sps.  873,  374,  375,  376).  Veins  of  epidote  traverse  tbe  formation, 
and,  being  much  harder  than  the  adjoining  rock,  stand  forth  in  small  ridges,  often 
highly  polished  by  glacial  action.    The  dip  is  from  10"  to  15"*  in  a  direction  N.  50**  W. 

About  two  miles  southwest  of  this,  in  the  N.  W.  qr.  of  Sec.  22,  the  formation  pro- 
trudes from  beneath  the  drift  in  some  very  considerable  ridges,  which  expose  a  dark, 
hard,  compact,  seldom  amygdaloidal  rock,  containing  frequent  veins  of  epidote,  quartz, 
and  orthoclase.  The  rock  has  a  very  marked  effect  on  the  compass,  causing  the  needle 
to  dip  to  the  ledge,  to  spin  around  when  moved  along  it,  or  to  stand  in  any  direction. 

Westward  from  this,  less  than  three  miles,  near  the  centre  of  Sec.  18,  T.  36,  R.  18 
W.,  there  are  two  small  outcrops  of  dark  green,  fine  grained  diabase,  pseudo-amygda- 
loidal  in  portions  (sps.  377  and  378),  carrying  mainly  quartz  and  calcite  in  the  false 
cavities. 

Town  36,  R.  1 7  W.  Passing  into  the  a^'oining  town  on  the  east  (T.  36,  R.  17  W.), 
we  find,  near  the  middle  of  the  line  between  Sees.  19  and  20,  an  amygdaloidal  diabase, 
containing  in  cavities,  quartz,  feldspar,  chlorite  and  epidote,  the  latter  also  occurring  in 
seams.  The  chlorite  araygdules  frequently  have  a  central  filling  of  quartz.  The  ground- 
mass  is  bard,  compact,  and  dark  colored;  and  causes  a  variation  of  the  needle  to  the 
amount  of  90^.  It  presents  a  flat,  exposed  area  of  about  ten  acres,  on  which  are 
glaciated  surfaces. 

In  the  S.  W.  qr.  of  Sec.  12  of  this  town,  there  are  low,  flat  ledges,  in  a  windfall  on 
both  sides  of  the  road.  The  rock  is  a  dark  greenish  diabase  amygdaloid.  The  amygdules 
consist  of  quartz,  feldspar  and  epidote. 

In  passing  southwestward,  several  outcrops  of  the  formation  under  discussion  are 
encountered,  the  more  important  being  in  Sees.  4,  9  and  31,  as  shown  on  the  map. 
They  are  all  described  as  .being  heavy,  fine  grained,  dark,  often  nearly  black,  trappean 
rocks,  and  are  probably  diabase.  The  outcrop  at  the  S.  W.  comer  of  the  township  is 
in  part  amygdaloidal,  containing  quartz,  feldspar,  and  chlorite  in  the  cavities,  and  traces 
of  copper  in  the  form  of  malachite,  in  small  seams.  This  outcrop  exhibits  glacial 
smoothing  and  indistinct  strise  having  a  course  S.  4Q°  E.  At  another  point,  fine  hair 
lines  were  observed  running  east  and  west. 

THE  ST.  CROIX  FALLS  DISTRICT. 

At  and  in  the  vicinity  of  St.  Croix  Falls,  and  southward  from  there 
to  the  neighborhood  of  Osceola  Mills,  there  are  numerous  and  verj 
fine  exposures  of  the  Copper-bearing  series  and  of  the  overlying 
Potsdam  sandstone.  As  these  arc  in  a  settled  region,  and  well  known 
to  the  inhabitants,  their  several  locations  need  not  be  described  in 
detail,  but  may  be  seen  by  reference  to  the  accompanying  atlas  plate 
XIX.  For  the  greater  part,  they  He  in  the  immediate  valley  of  the 
St.  Croix  river,  and  owe  their  exposure  to  the  erosive  action  of  that 
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stream.  The  valley  here  is  some  400  feet  (aneroid)  below  the  higher 
plateaus  that  approach  the  streams  within  a  mile  or  two  on  either 
hand.  The  copper-bearing  rocks  appear  in  the  slopes  of  the  valley,  at 
heights  ranging  up  to  200  feet  or  800  feet.  The  lower  100  feet  or 
more  retain  distinct  evidences  of  the  abrading  action  of  the  stream, 
in  the  form  of  worn  channels,  rounded  bosses  of  rock,  smoothed 
surfaces,  and,  most  decisively,  eddy-worn  pot-holesj  some  of  them  of 
gigantic  size.    These  have  already  been  described. 

Just  below  Taylor's  falls,  the  river  has  cut  a  deep  vertical  gorge  in 
trappean  rock,  forming  the  beautiful  and  picturesque  Upper  Dalles 
(see  plate  XXXVI).  About  two  miles  below  this  a  similar  caflon  has 
been  formed,  constituting  the  Lower  Dalles.  The  walls  within  these 
Dalles  are  almost  absolutely  vertical,  and  instead  of  showing  worn 
faces,  like  the  slopes  above,  present  the  regular  rough  surfaces  com- 
mon to  fissure  planes.  It  seems  very  probable  that  the  original  worn 
surface  of  the  gorge  has  been  riven  and  thrown  down  by  the  action 
of  the  frost  and  the  undermining  of  the  stream. 

Mr.  Strong  suggested,  with  much  reason,  that  the  river,  or  more 
probably  a  branch  of  it,  may  formerly  have  followed  the  ravine  run- 
ning through  the  E.  half  of  Sees.  30  and  31,  T.  34,  R.  18  W.  This 
was  abandoned  when  the  present  channel  became  deep  enough, 
through  erosion,  to  carry  away  all  the  water. 

In  this  vicinity,  the  relation  of  the  Potsdam  sandstone  to  the  cop- 
per-bearing rocks  is  most  satisfactorily  shown.  The  details  relating 
to  this  subject  pertain  equally  to  the  Potsdam  formation,  but  will  be 
here  introduced.  Some  citations  from  the  Minnesota  side  of  the  river 
will  also  be  introduced  to  give  completeness  to  the  data,  as  it  is 
important  to  geological  science  that  the  relative  age  of  the  two  forma- 
tions should  be  definitely  and  unequivocally  settled,  and  nowhere  else 
is  the  evidence  so  complete  and  conclusive  as  in  the  vicinity  of  the 
Dalles  of  the  St.  Croix. 

T.  33,  E.  19  W.  OntheN.W.qr.of  Sec.  12,  T.  33,  R.  19W.,  Os- 
ceola, there  is  an  exposure  of  horizontally  stratified  sandstone  in  the 
side  of  a  small  ravine,  and  within  a  few  feet  is  an  exposure  of  melaphyr 
of  the  Keweenaw  series.  The  sandstone  is  quite  hard  and  compact, 
but  the  stratification  is  undisturbed,  and  there  is  no  indication  of 
metamorphism.  A  short  distance  farther  north,  the  road  passes  over 
an  exposure  of  melaphyr  on  which  the  sandstone  is  seen  deposited  in 
direct  contact  with  it. 

In  the  south  part  of  the  village  of  Taylor's  Falls,  near  the  summit  * 
of  tlie  ridge,  is  a  remarkable  exposure  of  the  Potsdam  in  connection 
with  the  Keweenaw  series.    Its  occurrence  is  illustrated  in  Fig.  9, 
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but  somewhat  idealized.  All  that  is  seea  is  an  outcrop  of  melaphyr, 
and,  on  the  exposed  face,  a  conglomerate  formed  of  rounded  and 
water- worn  fragments  of  melaphyr.  These  fragments  are  of  all  sizes, 
and  the  cementing  material 
is  a  ferruginous  sandstone  of 
Potsdam  age,  containing  oc- 
casional Lingulepis  shells.  In 
the  ricinity  of  the  melaphyr 
the  greater  part  of  the  con- 
glomerate consists  of  its  frag- 
ments. After  inspecting  the 
locality,  it  seems  evident  that 
the  melaphyr  was  an  exposed 
cliff  in  the  Potsdam  sea;  about 

-  ,  Snownro  tob  Bilations  of  thb  Ecwxivaw  ob  Cop- 

whose  base  large  and  small      pbr-bearino  mblaphtb  to  thb  potbdam  sabd- 
water-worn  fragments  of  the      "™='"  ^^^  coxoLOMBBrrB  at  tatlob'b  pallb. 

melaphyr  were  collected,  and,  the  inter^ytices  being  Wiled  with  sand, 
solidified  into  the  conglomerate  as  it  now  appears.  The  junction  of  th«? 
two  formations  is  not  well  exposed,  as  the  sandstone  graduates  into  the 
conglomerate,  and  the  latter  is  banked  up  against  the  uneven  surface 
of  the  melaphyr.  The  unconformability,  however,  cannot  be  doubted. 
On  the  east  bank  of  the  river,  at  the  old  mill,  in  St.  Croix  Falls,  can 
be  seen  the  junction  of  the  Potsdam  and  the  Keweenaw  series,  repre- 
sented in  Fig.  10.  There  is  a  small  gorge  in  the  melaphyr  lying  nearly 
parallel  to  the  river  and  a  litte  above  it,  in  the 
bottom  of  which  a  small  quantity  of  sandstone  /^  v  ^^"^ 
containing  Lingulepis  pinnaformia  still 


SnowiHo  THB  Rblatiohb  of  thb  Potbdam  Sakdbtokb  to  thb  Cupbipbboub  Mblaphtb  at  St 

Cboix  Fallb. 

remains,  being  deposited  horizontally  on  the  inclined  beds  of  the 
copper  series.    The  thickness  of  sandstone  is  but  a  few  inches. 

About  a  quarter  of  a  mile  below  the  last  exposure,  and  on  the  same 
side  of  the  river,  near  the  water's  edge,  is  an  exposure  of  sandstone  and 
shale  of  the  Potsdam,  as  shown  in  Fig.  11. 

This  exposure  differs  from  the  majority  in  this  vicinity  in  that  the 
layers  are  slightly  undulat'ng,  although  the  inclination  nowhere 
Vol.  UI.— 27 
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exceeds  10*.  The  same  beds  are  exposed  down  the  river  for  nearly  a 
quarter  of  a  mile,  and  are  quite  horizontal.  The  junction  of  the 
sandstone  and  melaphyr  is  not  exposed  in  this  instance,  as  it  is  cov- 
ered with  a  bank  of  clay  and  sand;  the  distance  between  the  exposures, 
however,  is  only  a  few  feet. 

The  sandstone  is  very  fossiliferous,  and  affords  fine  specimens  oi 
Zifigulepis  pinnceformis.  There  are  no  cracks  or  breaks  in  the  con- 
tinuity of  the  strata,  and  it  seems  probable  that  it  was  originally 

Fia.  11. 


Zaoft 
Showino  Ukdulations  or  thb  Potsdam  Sandstojts  aitd  Shale  —  St.  Cboiz  Falls. 

deposited  in  its  present  condition;  since,  if  it  were  due  to  subsequent 
movement,  other  exposures  would  probably  show  similar  irregulari- 
ties. 

Among  the  shales  shown  in  Fig.  12,  there  is  a  bed  of  ferruginous 
matter  about  a  foot  thick,  which,  on  being  exposed  to  the  air,  forms 
a  light  colored  and  slightly  bitter  efflorescence  of  sulphate  of  iron. 

On  the  opposite  side   of  Fia  12. 

the  river,  about  a  quarter  of 
a  mile  above  the  bridge,  the 
shales  are  well  exposed ;  they 
are  soft  and  earthy,  of  a 
bluish  color,  and  afford  beau- 
tiful specimens  of  Lingulej}is 
piniiceformis. 

On  the  west  side  of  the 
river,  about  half  a  mile  above 
Taylor's  Falls,  where  the 
water  is  low,  the  junction  of     „  —  ^    —    ^ 

'  •L^  Hand  Spbcixeic  Snoimro  the  Juhctiow  of  tbm 

the  Potsdam  and  Jleweenaw  potsdam  shale  and  the  melafhtb. 

formations  may  be  found,  and  very  good  specimens  obtained,  one  of 
which  is  shown  in  Fig.  12. 

The  fossiliferous  blue  shales  of  the  Potsdam  are  horizontally  depos- 
ited on  a  melaphyr,  containing  small  specks  of  pyrites.  The  melaphyr 
breaks  out  in  thin  pieces,  having  the  shales  firmly  attached.  The 
junction  is  marked  by  a  dark  line  about  an  eighth  of  an  inch  thick, 
which  seems  to  cement  the  two  formations.  It  is  seldom  that  such 
fine  specimens  of  the  junction  of  two  formations  so  widely  differing 
can  be  obtained. 
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Small  green  seams  and  stains  of  malachite  occasionally  occur  in 
the  sandstone  at  Taylor's  Falls.  The  copper  in  this  instance  has  per- 
haps been  derived  from  the  adjacent  Copper-bearing  series,  the  mela- 
phyrs  having  some  copper  disseminated  through  them. 

The  foregoing  facts,  corroborated  as  they  are  by  much  other  data 
gathered  from  the  vicinity  and  other  parts  of  the  district,  and  else- 
where, make  it  certain  that  the  Copper-bearing  series  was  subjected 
to  much  erosion  during  and  previous  to  the  formation  of  the  Potsdam 
sandstone,  by  which  valleys  were  cut  into  it  to  the  depth  of  at  least 
300  feet.  This,  doubtless,  represents  but  a  small  proportion  of  the 
total  erosion  which  the  series  had  suffered  in  the  pre-Potsdam  period. 

This  locality  presents  the  most  clear  and  unequivocal  evidence  that 
the  Copper-bearing  series  is  much  older  than  the  Potsdam  sandstone 
of  our  state,  so  much  older,  indeed,  that  there  was  time  for  the  very 
extensive  wearing  down  of  the  former  before  the  latter  was  deposited. 

The  crystalline  rocks  of  the  Copper-bearing  series  of  this  locality, 
while  varying  somewhat,  possess  a  general  similarity,  and  are  not  di- 
versified by  conspicuously  distinct  beds  of  different  kinds  of  rock,  as 
has  been  found  to  be  usually  the  case  in  other  extensive  exposures  of 
the  formation.  So  true  is  this,  that  it  is  quite  difficult  to  distinguish 
the  true  bedding  planes.  There  are  occasional  amygdaloidal  portions, 
but  in  many  cases  these  have  no  evident  layer-like  arrangement,  as  is 
common  where  they  mark  the  face  of  a  true  bed,  which  is  the  result 
of  a  distinct  overflow  of  igneous  matter.  In  some  cases  the  amygda- 
loidal portion  assumes  a  bed-like  form,  but  then  is  seldom  well  de- 
fined, extensive  or  persistent.  On  the  whole,  however,  these  amygda- 
loidal layers  show  a  tendency  to  parallelism,  corresponding  to  what  is 
confidently  believed  to  be  the  true  dip  of  the  formation. 

The  massive  rock  varies  somewhat  in  its  crystallization,  being  in 
some  portions  very  fine-grained,  almost  cry p to-crystalline  to  the  naked 
eye,  and  in  others  coarser,  while  in  some  it  is  distinctly  porphyritic. 
It  was  not  observed  that  the  latter  occupied  distinct  horizons,  though 
more  extended  research  might  show  that  this  was  true.  In  color,  the 
rock  varies  from  grayish  green  to  greenish  black  on  the  fresh  frac- 
ture, and  from  gray  to  black  on  the  weathered  surfaces. 

In  physical  structure  it  is  quite  massive.  It  has  sometimes  been 
described  as  presenting  a  columnar  or  basaltic  structure,  but  this,  we 
think,  is  a  misconception.  It  is  abundantly  fissured  in  vertical  planes, 
and,  as  is  almost  universally  true,  the  vertical  fissures  arrange  them- 
selves in  general  systems  which  cross  each  other  at  large  angles, 
dividing  the  rock  into  vertical  columns.  These,  in  the  perpendicular 
cliffs  of  the  Dalles,  are  conspicuously  exposed,  and  give  a  picturesque 
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columnar  aspect  to  the  formation,  but  it  is  not  the  trae  prismatic 
structure  that  often  characterizes  igneous  rocks. 

In  addition  to  these  vertical  planes  of  division,  which  are  generally 
quite  smooth  and  uniform,  but  not  persistent  to  great  depths,  there  is 
another  prominent  set  which  are  much  less  smooth,  but  much  more 
persistent  and  constant  in  direction.  The  surface  of  the  layers  sepa- 
rated by  these  joints  is  nearly  uniform  to  the  general  view,  but  in 
detail  is  slightly  uneven  and  undulatory,  as  thongh  the  separation 
took  place  not  through  the  fracture  of  a  homogeneous  rock,  but  by 
separation  along  a  natural  division  plane.  These  planes  are  usually 
separated  by  several  feet.  They  are  confidently  believed  to  represent 
the  dip  of  the  igneous  beds.  It  is  not  presumed  that  all  of  the  layers 
BO  formed  represent  separate  overflows  of  molten  material,  much  less 
distinct  periods  of  eruption;  but  that  in  the  flowage  and  outspreading 
of  the  igneous  matter,  a  somewhat  parallel  arrangement  of  the  not 
perfectly  homogeneous  substance  took  place,  giving  rise  to  an 
obscure  pseudo-stratification,  sufficient  to  influence  the  jointing 
that  subsequently  took  place.  At  the  same  time,  the  fact  that 
the  beds  at  diflerent  horizons  present  diiferent  textures,  and,  in  a 
subordinate  degree,  diflerent  mineralogical  composition,  would 
seem  to  favor  the  belief  that  the  several  hundred  feet  of  the  forma- 
tion exposed  in  the  vicinity  of  St.  Croix  Falls,  represent  a  considera- 
ble number  of  distinct  but  closely  successive  overflows;  all,  perhaps, 
belonging  to  one  great  period  of  eruption.  The  latter  statement 
seems  to  be  demanded  by  the  lithological  similarity  of  the  rock,  the 
slight  distinction  between  the  beds,  and  the  absence  of  detrital  depos- 
its between  them.  Notwithstanding  their  obscurity,  however,  the 
beds  give  to  the  outcrops  the  distinctive  step-like  or  trappean  contour 
that  has  been  previously  described  and  figured.  This  is  best  seen  in 
the  exposures  about  one  mile  east  of  St.  Croix  Falls  (N.  E.  qr.  of  Sec. 
29  and  K  W.  qr.  of  Sec.  28,  T.  84,  R  18  W.),  where  the  inclined 
ledges  follow  each  other  with  much  regularity  and  persistence,  giving 
to  the  profile  of  a  cross  section  a  serrate  outline,  notwithstanding  the 
fact  that  the  glacial  agencies  acting  from  the  northwest  tended  to 
plane  down  the  edges  of  the  beds. 

It  is  upon  the  persistence  of  these  inclined  ledges,  taken  in  con- 
nection with  parallel  lithological  belts,  that  our  determination  of  the 
dip,  a  matter  of  some  theoretical  interest  at  this  extremity  of  the 
formation,  is  mainly  based.  The  average  of  a  large  number  of 
guarded  observations  gives  a  dip  of  about  15*  W.  by  S.  This  inclina- 
tion to  the  south  of  west  is  quite  an  interesting  fact,  however  it  may 
be  interpreted.    To  the  writer  it  seems  to  signify,  taken  in  connec- 
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tion  with  other  observations,  that  the  trough  of  the  Lake  Superior 
synclinal,  at  this  western  extremity,  curves  rapidly  southward,  and  is 
connected,  over  a  sort  of  saddle-back  anticlinal,  with  the  broad  strati- 
graphical  basin  that  stretches  southward  into  Minnesota;  and  that  the 
igneous  beds  overlap  this  figurative  saddle-back,  so  as,  on  their  mar- 
gin, to  really  lie  in  the  southern  or  Mississippi  basin.  This  low 
anticlinal  is  supposed  to  lie  a  little  north  of  St.  Croix  falls,  and  to  be 
the  low,  flattened  extremity  of  the  Laurentian  and  Huronian  heights 
that  lie  to  the  eastward  —  the  saddle-bow  of  our  illustration. 

This  view  is  quite  strongly  supported  by  the  fact  that,  while  the 
dip  in  the  northwestern  part  of  the  county,  in  the  vicinity  of  Clam 
Falls,  is  decidedly  to  the  northward,  the  strata  on  the  Snake  river  in 
Minnesota,  below  Chengwatona  lake,  strike  N.  10*  to  15'  E.,  and  dip 
50*  to  60*  south  of  east,  which  seems  to  show  that  the  strata  on  the 
opposite  side  of  the  synclinal  trough  curve  southward  to  conform  to 
the  Minnesota  Archaean  axis,  which  forms  alike  the  western  border  of 
the  Lake  Superior  and  Mississippi  stratigraphical  basins. 

The  lithological  characters  of  the  crystalline  rocks  at  this  locality 
have  been  carefully  examined  and  described  by  Professors  Kloos 
and  Streng,  of  Germany,  and  the  results  published  in  an  article  in 
the  "  Neues  Jahrbuch  fiir  Mineralogie,  Geologic  and  Palieontologie," 
for  1877.*  The  special  description  of  the  rocks  is  by  the  latter  gen- 
tleman, and  may  be  rendered  substantially  as  follows: 

Microscopically  this  rock  generally  appears  throughout  of  a  porphyritic  nature,  and 
sometimes,  also,  amygdaloidal.  Here  and  there  porphyritic  layers  are  wanting,  as  e.  ^., 
on  the  right  shore  of  the  St.  Croix  river,  while  on  the  opposite  side  decidedly  porphyritic 
rock  appears.  The  latter  consists  of  a  greenish  gray,  verging  toward  brownish,  fine- 
grained, OTstalline  ground-mass,  with  numerous  porphyritic  plates  of  brown  plagio- 
clase.  Besides  there  are  also  frequently  light  gray  quartz  aggregations,  often  provided 
with  a  dark  green  edge,  so  that  this  may  be  regarded  as  an  amygdaloid.  Further, 
there  appears,  also,  scattered  aggregations  of  a  dark  green,  chlorite-like  mineral.  In 
the  ground-mass,  one  sees,  even  with  the  naked  eye,  numerous  small  grains  of  a  light 
yellow-green  mineral  distributed,  which,  as  the  microscopic  examination  shows,  consists 
of  epidote.  This  is  particularly  frequent  in  those  varieties  that  are  not  porphyritic,  so  that 
owing  to  it  the  whole  rock  assumes  a  green  color;  even  macroeoopically,  we  may  here  rec- 
ognize that  the  plagiodase  has  been  changed  into  the  dark  green,  chlorite-like  mineral, 
so  that  it  assumes  a  green  color,  even  where  the  cleavage  surfaces  appear  bright.  Here, 
also,  scattered  sparkB  of  pyrite  present  themselves. 
The  microscopic  examination  discloses  the  following  composition: 
1.  Plagiodase,  generally  brown,  colored  by  brown  and  gray  granules.  Besides  that, 
it  contains  grains  and  flakes  of  the  angitic  constituent,  changed  into  viridite  or  chlorite, 
which  then  sometimes  so  predominates,  that  it  almost  fills  the  whole  plagiodase  crys- 
tal; only  small  remnants  of  feldspar  substance  remain.    But  epfdote  crystals  also  fre- 

>  By  G.  Leonard  and  H.  B.  Geinitz,  professors  in  Heidelberg  and  Dresden,  Stuttgart, 
1877. 
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quently  appear  distinctively  in  the  feldspar.  The  pla^oda^e  also  here  fonns  some- 
times a  component  of  the  fundamental  mass,  and  sometimes  the  greater  part  of  the 
porphyritic  layers. 

2.  The  augitic  component  is  here  wholly  changed  into  viridite.  The  larger  aggre- 
gations of  this  mineral,  which  is  here  united  with  epidote  and  quartz  also,  appear  more 
seldom;  but  the  smaller  aggregations,  on  the  other  hand,  are  veiy  frequent,  forming  a 
part  of  the  fundamental  mass,  which  generally  only  fills  the  spaces  between  the  feld- 
spar particles.  The  mineral  appears  in  polarized  light,  in  granular,  or  radial,  or  con- 
fused texture. 

3.  One  of  Uie  most  frequent  constituents  is  the  epidote.  This  is  found  less  frequently 
in  large  masses,  but  is  common  in  small,  irregular  patches,  and  also  sometimes  in  regu- 
lar defined  bounded  crystals  of  a  light  yellow  color.  These  are  little  dichroitic,  but  show 
very  lively  polarization  colors.  Generally,  they  are  pretty  pure.  Sometimes  they  con- 
tain little  i>articles  of  quartz.  They  are  frequently  cut  through  with  little,  irregular, 
brown  veins.  Rarely,  also,  the  epidote  is  filled  with  viridite.  In  by  far  the  majority  of 
cases,  it  resists  inundation  by  the  viridite  substances,  even  where  the  feldspar  is  wholly 
filled  with  it. 

4.  Greater  and  smaller  collections  of  quartz  present  themselves  in  polarized  light,  as 
aggregates,  which  are  covered  with  a  green,  granular  substance,  and  therefore  are  to  be 
regarded  as  amygdaloidal  formations. 

5.  Also  the  white  granular  substance  is  here  visible. 

6.  Magnetite, 

7.  And  apatite  appear  here  in  slender  needles. 

From  the  foregoing  it  is  evident  that  the  melaphyr  poiphyry  of  St.  Croix  and  Taylor's 
falls  is  generally  distinctly  porphyritic  in  formation.  The  porphyritic  element  consists 
of  plagioclasc,  besides  which  there  is  a  very  little  orthodase  present;  of  an  aggregate 
chlorite-like,  granular  substance,  which  is  to  ba  regarded  as  a  transformation  product  of 
the  augite;  of  aggregates  of  epidote,  of  quartz  amygdules,  which,  however,  do  not  ap- 
pear everywhere,  and  of  small  sparks  of  pyrite.  The  aggregates  of  two  very  much 
weathered  ingredients  could  not  be  further  discriminated;  they  probably  form  concre- 
tions of  the  two  chief  constituents. 

The  ground-mass  consists  predominatmgly  of  plagioclase  (perhaps  also  some  ortho- 
clase),  augite,  which,  however,  is  very  frequently  changed  into  viridite,  magnetite,  epi- 
dote, often  present  in  great  masses,  little  quartz  and  a  gray  white,  granular  fissure 
product. 

If  the  rock  is  developed  in  the  manner  of  an  amygdaloid,  the  quartz  appears  as  the 
amygdule  fiQing;  likewise  calcite  and  epidote. 

From  this  it  appears  that  the  rock  belongs  to  the  melaphyrs;  and  since  it  is  decidedly 
porphyritically  developed,  we  may  designate  it  melaphyr-porphyry. 

Now  in  most  of  the  varieties,  except  the  freshest,  the  epidote  plays  a  very  important 
role.  Hence  it  might  also  be  designated  as  epidote-melaphyr;  but  since  the  epidote, 
as  well  as  the  viridite,  is  a  secondary  product,  which,  perhaps,  has  sprung  from  the 
transformation  of  the  augite,  the  name  could  only  apply  to  the  changed  melaphyr- 
porphyry.    (For  the  original  text,  see  the  work  cited  above). 

The  outcrops  in  the  N.  W.  qr.  of  Sec.  29,  T.  34,  R.  18  W.,  present  rounded  bosses 
fluted  by  gladal  agency  acting  from  N.  45'  W. 

The  exposure  on  Close's  creek  in  the  N.  W.  qr.  of  Sec.  14,  T.  33,  R.  19  W.,  shows  a 
small  quantity  of  carbonate  of  copper  in  a  group  of  broken,  irregular  seams,  upon  which 
a  little  prospecti&g  has  been  done.  Malachite  also  occurs  in  small  quantities  at  several 
other  points.  On  the  Minnesota  side,  at  Taylor *8  Falls,  a  shaft  was  sunk  some  years  since, 
from  which  native  copper  was  obtained.  The  amount  was  not  sufficient  to  render  the 
work  remunerative,  though  the  indications  are  said  to  have  been  considered  encouraging. 
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Recently  a  vein  has  been  disclosed  by  government  employees  engaged  in  quanying 
at  the  foot  of  the  Dalles.  Mr.  Caneday  describes  it  as  follows :  "  The  vein  is  exposed 
but  a  short  distance  above  the  water  level,  has  well  defined  walls  only  eighteen  inches 
apart  at  the  highest  point  of  exposure,  but  with  a  perceptible  increase  in  width  as  you 
descend  on  the  line  of  dip.  It  apparently  corresponds  in  dip  and  strike  with  the  forma- 
tion at  large,  dipping  in  a  west  southwesterly  direction  at  an  angle  of  twelve  degrees. 
The  ore  streak  at  the  point  of  examination  was  about  four  inches  thick,  consisting  of 
bomite  (better  known  as  gray  sulphuret  of  copper),  which  lies  next  to  the  hanging 
wall,  under  which  is  about  a  foot  in  thickness  of  snow  white  quartz.  Upon  the  foot 
wall,  and  comprising  the  balance  of  the  vein  matrix,  rests  from  two  to  six  inches  of  rock 
so  thoroughly  decomposed  as  to  bear  a  close  resemblance  to  common  earth.  The  walls 
have  a  striated  or  *  slickenside '  appearance,  and  bear  unmistakable  evidence  of  cou' 
fnuity.'* 

In  the  preceding  pages  we  have  traced  the  main  belt  of  northward- 
sloping  Keweenawan  rocks  from  the  vicinity  of  Nemakagon  lake  to 
St.  Croix  falls.  It  had  been  previously  traced  northeasterly  to  Ke- 
weenaw point. 

There  are  some  considerable  intervals  between  exposures,  but  there 
is  not  the  slightest  ground  for  doubtino:  the  continuity  of  the  terrane 
beneath  the  prevalent  drift.  The  outcrops  along  this  belt  are  almost 
wholly  confined  to  the  eruptive  rocks  that  predominate  in  the  lower 
portion  of  the  Keweenaw  series.  Adjacent  to  the  belt  including 
these  outcrops,  there  is  a  tract  15  miles  and  upwards  in  width  which  is 
exclusively  covered  by  drift,  and  no  rock  of  any  kind  in  place  appears 
at  the  surface.  This  barren  belt  doubtless  conceals  the  sandstones 
and  conglomerates  that  form  the  main  constituent  of  the  upper  por- 
tion of  the  group.  Tliat  these  should  have  been  more  deeply  eroded 
than  the  enduring  crsytalline  rocks  is  not  strange,  especially  as 
they  occupy  the  trough  of  the  synclinal;  and  as  the  later  glacial  move- 
ment was  across  the  trend  of  the  ranges,  it  is  all  the  more  natural 
that  the  softer  rocks  of  the  valley  should  be  concealed.  Ilad  the 
drift  movement  been  parallel  with  the  trend  of  the  strata,  doubtless 
exposures  of  the  valley  rock  might  have  been  more  common. 

As  it  is,  we  find  none  of  the  northward-dipping  sandstones,  shales 
and  conglomerates,  save  at  the  two  localities  above  described,  and 
these,  from  their  position  in  relation  to  the  crystalline  rocks,  are 
believed  to  be  interstratified  with  them.  That  the  northward-dip- 
ping detrital  beds  are  present,  however,  is  not  to  be  doubted,  since  we 
find  a  considerable  development  on  the  opposite  side  of  the  synclinal 
axis. 
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THE  NORTH  ST.  CROIX  DISTRICT. 

To  this  southward-dipping  series  we  now  turn  our  attention.  It 
has  been  described  in  its  main  features  by  Mr.  Sweet  in  the  preceding 
report,  and  our  only  labor  here  is  to  add  the  special  observations  of 
Mr.  Strong,  on  the  outcrops  in  the  immediate  St.  Croix  valley: 

Pursuing  the  same  order  as  heretofore,  that  of  tracing  the  formation  from  the  Lake 
Superior  region,  southwestward,  we  find  between  Chaquamegon  bay  and  the  head- 
waters of  the  St  Croix,  a  belt  wholly  covered  by  drift.  In  descending  the  St.  Croix, 
the  first  exposed  rock  encountered  occurs  at  Chase's  dam,  in  Sec.  36,  T.  44,  R.  1 3  W. 
It  consists  of  a  red  sandstone  (sp.  395),  approaching  in  its  variations  a  fine  conglomer- 
ate on  the  one  hand,  and  an  arenaceous  shale  on  the  other,  and  containing,  imbedded 
in  it,  fragments  and  thin  leaves  of  shale.  An  examination  of  the  granular  ingredients 
shows  that  it  was  derived  mainly  from  the  aystalline  igneous  beds  of  the  series.  Its 
dtp  appears  to  be  IC  to  the  S.  E.  This  sandstone  forms  the  bed  of  the  river  from  the 
dam  to  the  rapids,  near  the  mouth  of  Moose  creek,  and  also  immediately  underlies  the 
swamp  on  the  north  in  Sees.  25  and  36.  The  preceding  statement  needs  to  be  qual- 
ified, however,  for  about  an  eighth  of  a  mile  above  the  mouth  of  the  Moose  creek,  in 
the  midst  of  a  series  of  short,  swift,  narrow  rapids,  there  is  a  small  ledge  of  crystalline 
ro(k,  doubtless  representing  a  comparatively  thin  intercalated  stratum.  From  the 
description  of  Mr.  Strong,  it  appears  to  be  a  dark  colored,  fine-grained,  epidotic  diabase. 

Rocks  of  detrital  origin  seem  to  prevail  for  two  or  three  miles  back  from  the  north 
side  of  the  river.  The  central  part  of  Sec.  34  (T.  44,  R.  13  W.)  is  underlaid  with  sand- 
stone and  fine  conglomerate,  similar  to  that  at  Chasers  dam.  In  the  N.  E.  qr.  of  the 
N.  W.  qr.  of  Sec.  26  (T.  44,  R.  13  W.),  on  the  east  bank  of  Moqse  creek  and  in  the  bed 
of  the  stream,  there  is  a  small  exposure  of  the  typical  conglomerate  of  the  series.  The 
matrix  is  a  finely  comminuted  material  of  a  greenish,  epidotic  cast,  in  which  are 
imbedded  pebbles,  from  the  size  of  shot  to  that  of  an  egg,  which  are  composed  of  the 
various  crystalline  members  of  the  series.  Little  or  no  rock  can  be  detected  that  might 
not  have  been  derived  from  the  lower  members  of  the  series,  while  the  most  of  it  very 
evidently  had  that  origin.  The  pebbles  are  generally  well  rounded.  Fragments  or 
leaves  of  red  shale,  lying  paraUel  to  the  strata,  are  also  present 

In  the  S.  W.  qr.  of  the  N.  W.  qr.  of  this  section,  on  both  sides  of  the  creek, 
there  are  disclosures  of  coarse  conglomerate  of  prevailing  dark  red  color.  It  pre- 
sents alternating  beds  of  assorted,  regularly  stratified  fine  and  coarse  pebbles.  Dip, 
S.  E.  14*.  The  conglomerate  again  appears  in  the  S.  E.  qr.of  Sec  27,  in  low  ledges 
in  the  west  bank  of  the  stream,  for  about  an  eighth  of  a  mile  uninterruptedly.  In 
the  S.  E.  qr.  of  the  N.  W.  qr.  of  this  section,  a  small  exposure  of  a  conglomerate, 
similar  to  that  on  Moose  creek,  occurs,  associated  with  a  fine-grained,  hard,  light 
reddish  and  greenish  gray  sandstone  (sp.  409).  The  highest  point  at  which  sedimentary 
rock  18  seen  in  ascending  Moose  creek,  is  in  the  S.  W.  qr.  of  the  S.  E.  qr.  of  Sec  14 
(T.44.R.  13W.). 

It  consists  of  conglomerate  of  red  color,  for  the  greater  part,  and  of  similar  compo- 
sition to  that  above  described.  This  and  the  preceding  outcrop  lie  near  the  ledges  of 
melaphyr  which  dip  under  them;  and  they  may  thus  be  regarded  ajs  lying  on  the  mar- 
gin of  the  great  sandstone  and  conglomerate  belt. 

Returning  to  the  St.  Croix  we  find  that  from  Sec  4  (T.  48,  R.  18  W.),  to  the  south- 
em  line  of  the  county  (Sec  33,  T.  43,  R.  14  W.)>  the  bed  of  the  stream  is  almost  con- 
tinuously composed  of  sandstone  and  conglomerate.  The  greater  portion  of  tiiis  is  the 
common  red  sandstone  of  the  series.    The  lower  mile  and  a  half  is  conglomerate,  and 
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probably  corresponds  in  stratigraphical  equivalence  to  the  conglomerates  of  Sees.  27 
and  14,  T.  44,  R.  13  W.  above  described,  as  it  lies  in  the  line  of  strike,  and  bears  a  sim- 
ilar relation  to  the  crystalline  strata  on  the  northwest.  By  consulting  the  map,  it  will 
be  seen  that  from  Chase's  dam  to  the  county  line,  a  distance  of  about  11  miles,  the  river 
runs  an  almost  direct  course,  and,  vrith  slight  interruptions,  is  bedded  on  sandstones  and 
conglomerates.  A  casual  glance  wiU  show  that  the  stream  runs  closely'with  the  strike  of 
the  strata.  A  more  careful  study  makes  it  appear  that  the  river  crosses  the  strata  at  a 
very  small  angle,  passing  from  higher  to  lower  beds.  Near  the  county  line,  however, 
the  river  turns  southward  and  pursues,  for  about  three  miles,  a  southerly  course.  This 
brings  it  over  higher  (geologically)  strata.  For  a  little  more  than  a  mile,  however,  it  is 
bedded  in  drift,  but  near  the  north  line  of  Sec.  9  (T.  42,  R.  14  W.),  the  sandstone  of 
the  series  reappears  in  the  bed  of  the  riv.er  and  extends  across  it,  causing  rapids  and 
forming  occasional  low  exposures  in  the  banks.  The  ledges  show  fine  ripple  marks  and 
occasionally  rain  drop  impressions.  They  are  more  indurated,  and  seem  to  contain  more 
quartz  and  less  argillaceous  material  than  those  previously  described.  This  sandstone 
again  becomes  concealed  at  the  south  line  of  the  section,  but  reappears  in  the  bed  of  the 
river  in  the  Indian  village  in  the  N.  W.  qr.  of  the  N.  W.  qr.  of  Sec.  21  (T.  42,  R.  14 
W.),  about  a  mile  below.  These  are  probably  the  highest  beds  of  the  Keweenaw 
group  exposed  in  the  distiict. 

Next  immediately  underlying  this  sandstone  and  conglomerate  series,  so  far  as  the 
outcrops  show,  there  appears  to  be  a  diabase,  little  exposed,  underlaid  by  a  stratum  of 
easily  recognized  melaphyr,  forming  at  the  surface  outcrops  along  a  belt  lying  par- 
allel to  the  sandstones.  This  is  the  typical  Keweenaw  melaphyr  described  by  Prof. 
Pumpelly  on  page  32,  and  identical  vrith  stratum  108  of  the  Eagle  river  section.*  It  is 
found  in  the  N.  E.  qr.  of  Sec.  14  and  the  N.  E.  qr.  of  Sec.  27,  T.  44,  R.  13  W.,  ibe  N. 
W.  qr.  of  Sec.  29,  T.  43,  R.  14  W.,  and  at  the  falls  on  Chase's  brook,  in  the  N.  E.  qr. 
of  the  N.  W.  qr.  of  Sec.  16,  T.  42.  R.  15  W. 

The  first  three  of  these  may  be  joined  by  a  nearly  straight  line  about  12  miles  in 
length,  whose  course  will  be  about  N.  48'  E.,  or  nearly  the  average  observed  strike.  If 
this  line  be  projected,  it  will  pass  to  the  southeast  of  the  melaphyr  exposure  on  Chase's 
brook,  and,  if  extended  in  the  opposite  direction,  it  will  pass  about  an  equal  distance 
from  an  outcrop  of  precisely  similar  rock  found  on  Moose  creek,  in  the  N.  E.  qr.  of  the 
N.  W.  qr.  of  Sec.  2.  T.  44,  R.  13  W.  It  would  appear  highly  probable,  then,  that  the 
first  three  exposures  belong  to  the  same  stratum,  and  that  the  remainmg  two  represent 
a  lower  bed.  This  is  confirmed  by  the  existence  of  a  similar  melaphyr  near  the  center 
of  the  west  line  of  the  N.  W.  qr.  of  Sec.  21,  T.  43,  R.  14  W.,  and  also  one  in  the 
S.  W.  qr.  of  Sec.  10,  either  of  which  might  readily  be  referred  to  the  lower  bed,  though 
it  is  not  so  apparent  that  both  could.  Entering  more  into  detail,  we  observe  that  the 
outcrop  of  melaphyr  (spec.  410)  in  the  N.  E.  qr.  of  the  N.  E.  qr.  of  Sec.  27,  T.  44, 
R.  1 8  W.,  rises  only  about  10  feet  high  and  forms  the  bank  of  a  creek.  The  rock  agrees 
completely  with  the  description  of  the  typical  Keweenaw  rock  previously  referred  to. 
The  formation  crops  out  quite  continuously  along  the  stream  as  far  as  the  forks  in  the 
N.  E.  qr.  of  Sec.  23.  Here  it  la  found  to  be  dark,  coarse-grained,  rather  soft,  contain- 
ing much  chlorite,  and  crumbling  readily  on  weathering,  and  no  longer  possesses  the 
distinctive  melaphyr  characters.  On  the  line  between  Sees.  22  and  27,  we,  however, 
find  the  typical  melaphyr  again. 

Following  the  line  of  strike  into  the  S.  E.  qr.  of  N.  E.  qr.  of  Sec.  14  of  this  township 
(T.  44,  R.  13  W.),  we  find  on  Moose  creek  the  same  melaphyr  (spec.  406).  Its  dip  here 
appears  to  be  about  18"  to  S.  30*  E.  A  few  yards  below,  the  ledges  are  traversed  by 
veins  of  epidote,  with  some  indications  of  copper.    The  rock  is  here  very  amygdaloidal^ 

>  See  Geol.  Sar.  of  Mich.,  1609-1878,  YoL  I,  part  II,  p.  133. 
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carrying:  chlorite  as  its  cell-fiUingr.  Dip  20'.  A  few  rods  below  we  find  a  heavy,  firm, 
fine  grained,  dark  greenish,  diabase-like  rock.  The  surface  of  this  presents  very  finely 
preserved  glacial  groves  having  a  direction  S.  13'  W.  Some  are  wide  and  shallow, 
while  others  are  narrow,  sharply  defined  hair  lines.  In  the  N.  W.  qr.  of  the  S.  E.  qr. 
of  this  section  there  are  also  some  small  ledges  of  fine-grained  diabasoid  rock,  and  in 
the  S.  W.  qr.  of  the  S.  E.  qr.  of  the  section  we  encountered  the  conglomerate  before 
described.  Following  up  Moose  a-eek  to  Sec.  2,  we  find  in  the  N.  W.  qr.  of  the  S.  E. 
qr.  first  a  very  hard,  fine  grained,  nearly  black  diabase,  above  which,  about  100  yards, 
there  appears  a  coarser  crystalline  diabase  (spec.  404),  and  diabase  pseudo-amygdaloid 
(spec.  405),  containing  patches  of  epidobe,  quartz  and  considerable  calcite,  though  the 
rock  is  not  generally  amygdaloidal.  There  are  to  be  found  occasionally  specks  of 
malachite.  The  dip  measurements  were  17'  and  20"  S.  E.  The  ledges  are  much 
fissured  and  broken  in  all  directions.  Near  the  center  of  the  section,  low  ledges,  along 
the  west  side  of  the  stream,  exhibit  a  coarse-grained  rock,  somewhat  resembling  the 
melaphyr  found  further  up  the  stream,  presently  to  be  described.  Above  this  in  the  N. 
W.  qr.  of  the  section,  there  first  appears  a  diabase  of  medium  grain  and  greenish  gray 
color,  and  about  100  yards  farther  up,  on  the  left  bank  of  the  stream,  a  low  outcrop  of 
soft,  very  dark,  diabase  pseudo-amygdaloid  (specs.  401  and  402)  containing  chlorite, 
quartz,  orthoclase  and  prehnite.  About  an  eighth  of  a  mile  above  this,  and  only  a  short 
distance  below  the  town  line,  the  west  bank  of  Moose  creek  exposes  the  typical  melaphyr 
previously  mentioned,  characterized  by  a  dark  green  color,  fine  grain,  peculiar  irregular 
fracture  and  large  reflecting  surfaces  of  satin-like  luster. 

Passing  due  southwestward  about  seven  miles  into  the  S.  W.  qr.  of  Sec.  6,  we 
encounter  a  dark,  fine-grained  diabase,  occasionally  amygdaloidal,  with  calcite.  A  vein 
about  two  inches  wide  was  observed,  which  carried  considerable  native  copper  in  films 
and  small  particles,  associated  with  calcite  and  epidote.  In  the  rock  there  are  also  par- 
ticles of  epidote  carrying  copper.  These  are  in  the  bed  of  the  brook,  and  overflowed 
in  high  water.  A  short  distance  above,  the  rock  becomes  softer  and  contains  large 
amygdules  of  chlorite,  with  frequently  a  core  of  calcite.  These  ledges  extend  along 
the  stream  for  about  half  a  mile.  At  the  dam,  near  the  town  line,  there  is  a  ledge  of 
highly  altered  diabase  amygdaloid,  containing  calcite,  chlorite  and  epidote.  There  also 
occurs  here  an  interesting  epidotic  amygdaloid. 

To  the  west  of  the  center  of  Sec.  8,  T.  43,  R.  13  W.,  there  is  a  fine  exposure  of 
conglomerate,  having  a  dip  of  about  14'  in  a  direction  S.  50"  E.  It  is  traversed 
by  two  regular  systems  of  joints  on  courses  N.  34'  E.  and  N.  56*  W.,  by  reason  of  which 
it  is  cut  into  regular  cubical  blocks.  Judging  from  the  drift,  the  western  portion  of  the 
S.  E.  qr.  of  the  adjoining  Sec.  5  is  underlaid  by  conglomerate. 

Passing  over  an  interval  of  about  five  miles,  in  which  no  outcrops  are  known  to 
exist,  we  find  in  the  S.  E.  qr.  of  Sec.  6,  T.  43,  R.  14  W.,  a  wide,  low,  northeasterly 
trending  ridge,  presenting  bared  rock  at  one  point,  which  appears  to  be  a  diabase 
(sp.  426)  of  very  fine,  dose  grain  and  dark  color,  coated  with  a  thin,  light  colored  crust 
due  to  weathering.  In  the  N.  E.  qr.  of  Sec.  9  of  this  township,  there  is  a  ridge  com- 
posed of  a  rather  soft,  fine-grained,  dark,  reddish  brown  diabase  amygdaloid  (sp.  425), 
weathering  to  a  dirty  lilac  hue.  It  appears  to  be  much  altered.  This  ridge,  in  com- 
mon with  those  of  the  vicinity,  presents  an  abrupt  decUvity  on  the  northwest  and  a  gen- 
tle slope  in  the  opposite  direction,  the  same  phenomena  observed  so  frequently  on  the 
opposite  side  of  tiie  St.  Croix  valley,  but  reversed  in  direction.  It  is  scarcely  necessary 
to  repeat  that  it  is  due  to  the  inclination  of  the  strata  whose  projecting  edges  form  the 
ridges. 

In  the  S.  W.  qr.  of  Sec.  10  (T.  43,  R.  14  W.),  there  is  a  similar  ridge  composed  of 
melaphyr  and  already  referred  to.  A  short  distance  south  of  this,  in  the  adjoining 
section  (N.  W.  qr.  Sec.  15),  there  is  a  similar  ridge,  but  of  diabase,  beyond  whi(^ 
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18  &till  another,  the  rock  of  which  is  a  dark  brown  and  black,  hard,  fine-grained  crys- 
talline diabase  (sp.  423),  containing  occasional  amygdules  of  chlorite.  It  resists  weath- 
ering well,  and  only  shows  a  thin,  light,  dirty  grajrish  coating  of  weathered  substance. 
The  trend  of  these  ridges  is  northeasterly  wiUi  the  strike  of  the  strata. 

In  the  S.  W.  qr.  of  Sec.  15  (T.  43,  R.  U  W.),  in  a  large  hill,  there  is  a  small  denuded 
area  of  rock,  of  hard,  close,  minutely  crystalline  texture,  reddish  brown  color,  and 
rough,  uneven  fracture.  It  contains  scattered  aggregations  of  chlorite.  It  appears 
to  be  an  altered  melaphyr  (sp.  427). 

In  the  S.  E.  qr.  of  Sec.  17  (T.  43,  R.  14  W.),  there  is  a  long  ridge  of  melaphyr  that 
appears  to  be  a  continuation  of  that  above  noted  in  Sec.  10,  and  is  probably  to  be  cor- 
related with  that  in  Sec.  2,  T.  44,  R.  13  W.,  and  that  at  the  falls  on  Chase's  brook, 
Sec  16  (T.  42,  R.  15  W.).  Thete  is  a  like  rock  found  near  the  centre  of  the  west  line  of 
the  N.  W.  qr.  of  Sec,  21. 

In  the  S.  W.  qr.  of  Sec.  22  (T.  43,  R.  14  W.),  there  is  an  outcrop  of  a  fine-grained, 
hard,  reddish  brown,  crystalline  rock,  probably  a  diabase.    It  forms  the  nucleus  of  a  hill. 

In  the  8.  E.  qr.  of  the  N.  W.  qr.  of  Sec.  28,  there  is  a  small  uncovered  area  of  typi- 
cal melaphyr,  which  probably  belonged  to  the  same  stratum  as  those  situated  in  Sees. 
14  and  27,  T.  44,  R.  13  W.,  as  already  stated.  From  this  point  for  a  distance  of  about 
30  miles  down  the  St.  Croix,  no  exhibitions  of  rock  in  place  of  any  kind  are  known 
to  exist. 

In  the  vicinity  of  the  mouth  of  Kettle  river,  T.  39,  R.  19  W.,  there  are  several 
denuded  ledges  of  crystalline  and  sedimentary  rock,  but  here,  unfortunately,  also,  the  high 
stage  of  water  at  the  time  of  examination,  concealed  to  a  large  extent  the  low,  flat 
exposure  of  the  river  channel.  At  the  head  of  the  rapids,  in  the  N.  W.  qr.  of  the  N. 
W.  qr.  of  Sec.  2  (T.  39,  R.  19^W.),  there  is  a  ledge  of  dark  colored  melaphyr  (spec. 
432).  The  crystals  of  pyroxene  enclosing  minute  feldspar  crystals  are  smaller  than  is 
common  to  the  melaphyrs  above  described,  and  the  reflecting  surfaces  on  the  frac- 
tured face  are  less  conspicuous.  It  is  traversed  by  reddish  bands,  apparently  due  to 
oxidation  of  the  ferruginous  ingredients.  On  the  Minnesota  side,  in  the  N.  W.  qr.  of 
the  S.  E.  qr.  of  Sec.  4,  there  is  a  low  ledge  of  soft,  crumbling,  decomposed,  igneous 
rock,  in  which  are  layers  or  veins  of  quite  peculiar  nature.  Much  of  the  latter  substance 
has  a  flinty  texture  and  composition,  with  which  is  associated  green  earth,  considerable 
calcite,  and  a  little  malachite  and  pyrite. 

In  1866  a  shaft  was  sunk  on  the  N.  E.  qr.  of  the  N.  E.  qr.  of  Sec.  20,  T.  39,  R.  19 
W.  It  is  situated  about  50  feet  from  the  river,  and  was  sunk  26  feet  deep,  to  the  level 
of  the  stream.  The  upper  part  penetrated  a  soft,  light-colored  crystalline  rock,  while 
the  lower  portion  passed  Uirough  a  soft,  dark  brownish  red  amygdaloid,  carrying  a 
large  amount  of  calcite  and  some  quartz.  The  amygdules  also  consisted  frequently  of 
native  copper,  a  considerable  amount  of  which  was  obtained.  The  water  proved  a  seri- 
ous obstacle  to  the  continuation  of  operations.  The  shaft  was  sunk  upon  a  fissure  vein 
about  four  feet  wide,  with  well  defined  walls.  Its  general  course  is  N.  E.  and  S.  W., 
and  its  inclination  about  60^.    The  north  wall  showed  striated  surfaces,  or  slickensides. 

A  few  rods  northeast  of  the  shaft,  a  cross  cut  has  exposed  the  Potsdam  sandstone  at 
an  elevation  of  about  sixty  feet  above  low  water. '  It  is  the  usual  light  colored,  hori- 
zontally bedded,  quartzose  sandstone,  and  is  without  fossils,  so  far  as  observed.  At 
the  head  of  an  island,  in  the  river,  in  the  N.  E.  qr.  of  the  N.  W.  qr.  of  Sec.  29  (T.  39, 
R.  19  W.),  there  is  a  ledge  of  dark  reddish  brown,  very  hard,  fine  grained,  crystalline 
rock,  probably  a  diabase.    It  was  mainly  concealed  beneath  the  water. 

A  short  distance  below  this,  in  the  S.  E.  bank  of  the  stream,  the  horizontal  Potsdam 
sandstone  is  again  exposed.  It  here  consists  of  alternate  sandy  shales  of  yellow  and 
dark  red  color,  some  of  the  latter  having  an  unctuous  feel  and  being  known  as  soap- 
stone.    It  was  entered  about  twenty  years  ago  for  mineral  paint.    In  the  N.  W.  qr.  of 
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Sec.  7,  T.  88,  R.  19  W.,  there  are  diflfeof  Potsdam  sandstone  fifty  feet  higb.  The  rock 
is  light  colored,  generally  nearly  white,  and  consists  of  large  grains  of  quarts  Teiy 
loosely  cemented,  so  that  the  whole  is  very  soft  and  crombling.  It  resembles  the 
formation  as  usually  seen  in  the  Mississippi  valley.  It  appears  again  about  a  quarter 
of  a  mile  below,  in  low  ledgos  near  the  water *s  edge.  It  again  crops  out  in  the  N.  W. 
bankintheN.  E.  qr.of  Sec.  4,  T.  37,  R.  20  W.;  andin  the  N.  W.  qr.  of  the  8.  W. 
qr.  of  the  same  section,  there  are  low  ledges  on  each  side  of  the  xivcr  in  the  banks. 
This  is  known  as  the  '*Big  Rock.'*  These  ledges  of  Potsdam  sandstone  probably 
represent  a  considerable  development  of  that  formation  concealed  by  the  drift,  and  lying 
in  the  synclinal  trough  of  the  Keweenaw  series  and  in  valleys  in  it  formed  by  pre- 
Silurian  erosion. 


Digitized  by 


Google 


PAET  YIL 


THE 


GEOLOGY 


OF 


THE  MENOMINEE  IRON  REGION 

(EAST  OF  CENTER  OF  BANOE  17  S.) 

OCONTO  COUKTT,  WISCONSIN 


BY  THOMAS  BENTON  BROOKS. 


Digitized  by 


Google 


Newburou,  N.  T.,  July  15^  1879, 
Pkof.  T.  C.  Chambeblin, 

Chief  Geologist  of  Wisconsin: 

Sir:  —  I  respectfully  transmit,  herewith,  my  Geological  Report  on 
the  Menominee  iron  region  of  Oconto  county.  Gradually  increasing 
illness,  aggravated  by  this  work  (I  have  been  more  than  once  posi- 
tively ordered  to  stop,  by  my  physicians),  has  particularly  unfitted  me 
for  composition,  and  has  prevented  my  making  this  report  what  I 
had  planned. 

The  results  of  the  labors  of  Charles  E.  Wright,  who  assisted  me  in 
1874,  and  afterwards  worked  independently  in  adjacent  territory,  but 
who  has  covered  the  whole  as  to  economic  questions,  are  given  in  his 
independent  report  to  you,  which  follows.  Dr.  Arthur  Wichmann's 
paper  on  Microscopic  Lithology  of  the  Iluronian  Rocks,  constitutes 
chapter  V  of  this  Report. 

Respectfully  and  obediently  yours, 

T.  B.  BROOKS. 
Nbwbxjrgh,  N.  Y.,  Jw7y,  1579. 
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This  report  covers  only  the  northeastern  portion  of  Oconto  county, 
the  most  northeasterly  sub-division  of  Wisconsin,  and  so  much  of  the 
adjoining  Michigan  territory  as  was  necessary  to  a  full  understanding 
of  the  geological  structure.  This  was  selected  by  the  late  Dr.  Lap- 
ham,  first  director  of  the  survey,  as  the  area  in  which  to  begin  work 
in  this  part  of  the  state,  because  of  its  supposed  exceptional  geological 
interest  and  its  promise  of  economic  importance.  The  scientific 
results  obtained,  and  recent  developments  of  iron  ore,  have  fully  sus- 
tained the  wisdom  of  this  choice.  My  reconnoissance  of  the  north- 
eastern side  of  the  Menominee,  the  results  of  which  are  given  in  the 
Geological  Survey  of  Michigan,  Vol.  I,  1873,  gave  valuable  data;  but 
that  work,  on  the  whole,  was  incomplete  and  crude,  and  will  bo  super- 
seded by  this  report,*  which  is,  however,  also  not  complete  in  several 
directions. 

The  following  geographical  divisions  of  the  Menominee  Iron 
Region,  based  largely  on  the  distribution  of  the  iron  ores,  has  been 
adopted,  or  rather  extended  from  the  Michigan  side.  See  Atlas  Plate 
No.  XXVIII.  The  Menominee  and  Brul6  rivers,  constituting  the 
state  boundary,  divide  the  mineral  region,  so  far  as  its  limits  are  now 
ascertained,  quite  unequally,  by  far  the  larger  area  being  on  the 
Michigan  side.  This  I  had  formerly  divided  into  the  Sturgeon 
and  Paint  River  districts.  Tlie  Wisconsin  side  will  be  designated  as 
the  Pine  River  District.  It  would  be  premature  to  minutely  sub- 
divide it  at  present.  The  great  Commonwealth  range  seems  to  run 
west  and  northwest  through  it,  bringing  Lake  Eliza*  near  the  center 
of  the  range.  To  the  north  is  the  Eagle-mine  range,  and  about  four 
miles  south  of  the  Commonwealth  range  is  the  Breitungiron  location, 

*  In  accordance  with  special  instructions,  no  Wisconsin  money  was  expended  on  the 
Michigan  side,  but,  finding  it  impossible  to  complete  the  Wisconsin  work  without  fur- 
ther studies  in  Michigan,  I  have  made  them  at  my  own  expense. — T.  B.  B. 

*  Also  known  as  Eeyes  Lake  and  Loon  Lake. 
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on  Sec.  28,  T.  39,  R  18  E.  Mr.  Wright  has  found  strong  magnetic 
attractions  in  the  southeastern  part  of  T.  40,  E.  16  E.,  to  which  locality 
Geo.  A.  Wakefield  has  built  a  road.  The  Stubgeon  Kiveb  Distbict, 
Michigan,  was  further  divided  into  the  north  and  south  iron  belts;  the 
latter  was  again  divided  into  the  north  and  south  ranges^  the  two  lakes 
Antoine  and  Furaee  lying  between  them.  It  is  in  the  south  range  of 
the  south  belt  of  the  Sturgeon  Eiver  District  that  the  Quinnesec,  Nor- 
way, Vulcan,  Breen  and  adjacent  mines  have  recently  been  opened,  to 
which  new  ones  are  now  being  added.  According  to  the  newspapers, 
important  discoveries  are  (July,  1879)  being  made  almost  daily. 

Dr.  Lapham's  original  view  was  to  spend  one  season  (1874)  in  the 
field  and  incorporate  the  results  in  a  preliminary  report  This  was 
found  impracticable,  owing  chiefly  to  the  fact  that  about  one-half  of 
the  first  season's  work  was  expended  in  re-surveys  and  correcting  the 
topography  of  the  U.  S.  Land  Office  maps  as  a  basis  for  our  work. 
The  Federal  maps  of  large  portions  of  my  territory  are  not  only  en- 
tirely inaccurate,  but  absolutely  fraudulent  and  false.^  The  scarcity 
of  rock  exposures  in  the  eastern  part  of  the  Pine  river  district  was 
also  a  great  drawback,  and  consumed  much  time  in  outcrop  hunting, 
for  which  we  have  only  negative  results.  Owing  to  these  drawbacks, 
we  were  enabled  in  the  two  months  spent  in  the  field  in  1874  to 
thoroughly  survey  only  a  part  of  the  river  boundary,  and  make  a 
careful  reconnoissance  as  far  west  as  the  middle  of  Kange  17  E.,  be- 
yond which  there  are  but  few  outcrops. 

I  have  spent  parts  of  1877  and  1878  in  the  same  region  and  sup- 
plied, so  far  as  the  circumstances  would  allow,  the  wanting  facts;*  so 
that  ray  report  on  the  region  east  of  the  line  above  named  is  tolerably 

*  A  few  of  the  grossest  frauds  are  indicated  on  Plates  V  to  VIII.  That  large  irregu- 
lar sheet  of  water,  *'  Spread  Eagle  Lake/*  was  nob  only  never  surveyed,  but  apparently 
was  seen  only  in  part  by  the  deputy  surveyor,  who  swore  to  his  having  traversed  and 
mapped  it  according  to  his  contract,  and  for  which  work  he  was  paid,  after  it  had  been 
inspected  (!)  by  the  surveyor-general.  Unless  the  country  is  re-surveyed  by  Federal 
authority,  endless  land  litigation  will  ensue.  Whether  the  U.  S.  government  cannot 
be  compelled  to  do  this,  and  what  hold  it  may  have  on  the  surveyor-general  and  his 
deputies,  who  were  guilty  of  the  fraud  and  neglect,  is  a  question  for  lawyers.  —  T.  B.  B. 

*  At  the  urgent  request  of  Dr.  Lapham,  an  attempt  was  made  to  work  the  material 
collected  in  1874  into  a  report,  and  it  was  only  when  that  work  was  nearly  completed 
that  its  palpable  incompleteness  became  apparent.  The  facts  gathered  with  the  small 
appropriation  for  1877  were  wedgad  and  patched  into  the  original,  which  have  the 
effect  of  localizing  the  incompleteness.  The  year  1878,  found  another  small  sum  avail- 
able, but  sufficient  to  practically  complete  the  field-work  contemplated.  At  this  period 
however,  increasing  ill  health  has  rendered  the  writer  unfit  to  rewrite  the  whole,  and 
make  most  of  the  material  accumulated.  The  effect  in  parts  of  the  work,  it  is  feared,  is 
very  much  like  that  which  results  from  putting  new  wine  in  old  bottles. 
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complete  as  to  the  location  and  lithological  character  of  the  exposures 

of  rock. 

It  being  the  desire  of  the  state  authorities  to  cover  as  much  ground 
as  possible,*  Mr.  Charles  E.  "Wright,  who  had  assisted  me  in  1874, 
took  up  the  work  in  1876,  where  I  had  left  it,  and  carried  a  reconnois- 
sance  a  considerable  distance  west,  the  results  of  which  are  given  in 
this  volume,  part  VIII.  Mr.  Wright  has  also  examined  microscopic- 
ally and  minutely  described  the  specimens  collected  in  1874,  dupli- 
cates of  which  are  in  Madison.  He  is  to  prepare  the  economic  chap- 
ter on  the  whole  Menominee  region,  all  of  which  will  be  found  in  his 
report  following  this. 

Dr.  Arthur  Wichmann,  of  Leipsic,  has  studied  microscopically,  not 
only  most  of  the  Wisconsin  rocks  collected  by  me,  but,  for  compari- 
son, the  most  interesting  of  my  entire  Huronian  collection,'  in  which 
investigations  he  had  the  benefit  of  the  suggestions  and  advice  of 
Professor  Zirkel,  whose  assistant  he  was.  His  results  are  given  in 
Chapter  V,  and,  as  to  clay  slates,  more  fully  in  Quar.  Jour.  Geo.  Soc, 
London,  Feb.,  1879. 

Fred.  J.  Knight  has  rendered  most  valuable  assistance  in  nearly 
every  part  of  the  field  and  oflScc  work,  from  the  topographical  surveys 
at  the  beginning,  to  the  correction  of  the  proof. 

Geo.  A.  Fay,  of  Menasha,  Wis.,  was  of  great  assistance  in  the  field 
work  of  1878.  F.  H.  Brotherton  and  Robert  McKinlay  were  employed 
in  topographical  work  and  in  locating  outcrops. 

The  rocks  represented  in  the  Menominee  Region  are  grouped  as 
follows,  from  youngest  to  oldest.  For  their  general  geographical  dis- 
tribution, structural  relations  and  folds,  see  sketch  in  Atlas  Plate 
XXIX. 

Superficial  Deposits         (  Sands  and  gravel,  (Cham plain?) 
(Drift).  (  Boulder  clay  (till)  glacial. 

T...^^  Qj:in»^*^^  ]  Calciferous  sand  rock  and  limestone. 

Lower  Silunan.  j  g^^  ^^^^,^  sandstone  (Potsdam). 

Keweenaw 


(Copper-series)..        \  ^a^^^^g- 


n 


'  I  was  in  Europe  at  the  time,  bat  urged  upon  the  then  director,  Dr.  Wight,  that  a 
thorough  survey  of  the  Menominee  region  proper  would  be  a  better  use  of  the  money 
than  to  cover  so  much  ground  in  a  superficial  way. 

» Now  deposited  in  the  Amer.  Museum  of  Nat.  History,  N.  Y. 
Vol.  III.— 28 
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Upper 


IlxiTonian 
(Iron-bearing). 


'Granite  (eruptive?),  gneiss,  hornblende, 
actinolite,  mica,  chlorite  and  quartz  schists, 
iron  ores,  clay  and  carbonaceous   slates, 

^  quartzite,  and  conglomerate. 


Middle  —  Clay -slate  and  quartzite. 
Lower — Dolomite,  iron-ore  and  quartzite. 


^^St'subdivided  )        j  <^^°^^»  S^^^^^  ^°^  crystalline  schists. 

It  thus  appears  that  within  the  small  area  surveyed,  rocks  of  four, 
and  possibly  of  seven,  distinct  periods  are  represented ;  but  this  report 
is  almost  entirely  confined  to  the  Iron-bearing  series,  believed  to  be 
the  equivalent  of  the  Huronian  of  Canada,  and  known  here  to  rest 
non-conforraably  on  granite  and  gneissic  rocks,  regarded  as  of  Lauren- 
tian  age,  and  to  be  non-conformably  overlaid  by  horizontal  lower 
Silurian  sandstones.  The  Keweenaw  (copper)  series,  belonging  between 
the  Huronian  and  Silurian,  have  not  been  found  here.  Spread  over 
the  whole  region,  and  sometimes  concealing  the  solid  rocks  for  large 
areas,  are  superficial  deposits  of  unstratified  glaoial  houlder-clay^ 
as  well  as  of  stratified  sands  and  gravels,  probably  of  the  Champlain, 
period.  These  superficial  deposits  have  not  been  at  all  studied.  The 
direction  of  the  minor  ridges  and  intervening  swamps  and  smaller 
streams,  as  well  as  striations,  show  the  course  of  the  glacier  to  have 
been  from  the  N.  N.  E.,  but  the  great  valleys  and  higher  ridges  have 
a  course  at  right  angles,  running  W.  N.  W.,  and  due  entirely  to  the 
rock  beds. 

The  presence  of  patches  of  Lower  Silurian  sandstone,  capping  the 
highest  hills  and  in  sheltered  spots,  supports  Prof.  iPumpelly's  view 
that  the  leading  topographical  features  of  this  region  were  formed  in 
pre-Silurian  times.  The  erosion  of  Silurian  rocks,  which  must  have 
been  very  great,  since  they  must  have  covered  the  whole  region  attain- 
ing, in  places,  a  thickness  of  several  hundred  feet.  The  two  small 
patches  discovered  in  Wisconsin,  one  four  miles  east  and  the  other 
one  mile  northwest  of  Lake  Eliza,  have  great  interest  in  this  connec- 
tion, being  the  only  points  where  this  rock  w^  seen  in  my  Wiscon- 
sin territory.  Eastward  the  Silurian  covering  rapidly  increases,  and 
beyond  the  Sturgeon  river,  Mich.,  entirely  conceals  the  older  rocks, 
which  do  not  appear  again,  so  far  as  I  know,  until  we  reach  Canada. 

Lanrentian  (granitic-gneiss  series).  Passing  downward  over  the 
place  of  the  wanting  Keweenawan  and  the  immense  Huronian  series 
to  the  oldest  rocks  known  south  of  Lake  Superior,  we  are  not  able  to 
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prove  with  certaintj  that  they  are  anywhere  exposed  in  Wisconsin 
within  the  limits  surveyed.  But  to  tiie  eastward  in  Michigan,  with 
the  middle  waters  of  the  Sturgeon  river  as  the  east  boundary,  we  find 
a  large  triangular  Laurentian  area,  its  base  sinking  away  under  the 
Silurian  strata  beyond  the  Sturgeon,  and  its  rounded  apex  nearly 
touching  the  Menominee  at  the  Bad  Water  Indian  village.  Away 
from  this  most  ancient  core,  south,  west  and  north,  dip  at  high  angles 
the  non-conformably  overlying  Huronian  beds,  spreading  themselves, 
with  numerous  short  and  irregular  folds,  beyond  the  limits  of  my  survey. 

The  geological  surveys  heretofore  made  south  of  Lake  Superior, 
having  had  for  their  main  object  the  examination  of  the  mineral 
regions  from  an  economic  standpoint,  have  given  little  attention  to 
this  system  of  rocks,  which,  south  of  Lake  Superior,  has  not  as  yet 
been  found  to  bear  valuable  ores,  although  in  New  York  and  Canada, 
the  most  extensive  iron  deposits  are  contained  in  it.  .The  following 
necessarily  fragmentary  notes  ^  will,  however,  it  is  hoped,  convey  such  a 
general  idea  of  these  rocks  as  is  necessary  to  the  purpose  of  this 
report,  the  main  point  being  to  enable  the  explorer  to  distinguish  the 
rocks  of  one  system  from  those  of  the  other,  which  is  absolutely 
necessary  in  planning  and  conducting  economic  explorations  and  sur- 
veys. The  necessity  of  attention  to  this  point  has  become  the  more 
apparent,  since  the  Oconto  county  explorations  have  demonstrated 
that  gneisses  and  granites,  heretofore  believed  to  characterize  the  Lau- 
rentian system,  are  also  found  abundantly  in  the  Huronian.  About  one- 
third  of  the  whole  area  of  Wisconsin  is  Azoic.  To  separate  this  area 
into  the  three  or  more  great  systems  of  rock  which  underlie  it  is  one  of 
the  most  important  questions  connected  with  the  geology  of  the  state, 
both  from  a  scientific  and  economic  standpoint.  For  further  informa- 
tion regarding  Laurentian  rocks,  see  table  I,  chapter  I,  and  appendix  B. 

The  difficulties  to  be  overcome  in  working  out  in  the  field  the 
sequence,  folds,  distribution  and  age  of  the  Huronian  rocks  of  the  Me- 
nominee region  were,  in  part  at  least,  common  to  all  crystalline  and 
highly  contorted  rocks,  especially  the  older,  and  lie  chiefiy:  (1.)  In 
the  entire  absence  of  fossils.'  (2.)  In  the  often  rapidly- changing 
mineral  composition  of  the  beds,  as  traced  along  their  strike.  (3.)  In 
the  fact  that  many  fine-grained  rocks  could  not  be  determined  in  the 
field.  (4.)  The  beds  are  so  plicated  as  to  rarely  present  any  other 
than  vertical  or  nearly  vertical  dips,  and  the  latter  are  often  overturned 
so  as  to  be  only  false  lights.    (5.)  The  frequent  changes  in  the  strike 

'The  Laurentian.    See  Appendix  B,  p.  661. 

'  Mr.  Julien  thinks  he  found  organic  forms  in  certain  carbonaceous  shales.  See  Mich. 
Oeol.  Report,  1873,  VoL  U. 
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by  which  groups  of  beds  wind  and  fold  like  a  sluggish  stream  in  a 
meadow.  (6.)  The  superficial  glacial  drift-covering  often  concealed  the 
rocks  entirely  for  many  square  miles;  and  (7)  lastly,  the  country  is, 
or  was  when  the  greater  part  of  the  survey  was  made,  a  primeval 
forest,  with  numerous  windfalls  and  swamps,  only  intersected  with 
Indian  trails  and  occasional  canoe  routes.  Large  areas  were  covered 
by  swamps,  in  some  of  which  were  almost  impenetrable  cedar  groves. 

In  Michigan,  the  Federal  maps,  based  on  land  surveys,  the  lines  0£ 
which  cross  the  country  at  right  angles  every  mile,  were  accurate;  but 
in  parts  of  Wisconsin  they  were  almost  worthless,  as  has  already  been 
noticed.  These  unfavorable  conditions  made  it  imperative  that  a  large 
part  of  the  time,  energy  and  money  be  expended  in  packing  supplies 
and  utensils  on  the  backs  of  men;  making  and  correcting  topograph- 
ical maps  OA.  which  to  delineate  the  geology,  and  in  searching  the 
bush  for  exposures  of  rock,  which  were  sometimes  not  seen  for  days. 
I  venture  the  opinion  that  it  would  require  more  time  and  money  to 
work  out  in  detail  the  relative  age  of  all  the  rocks  occurring  in  Oconto 
Co.,  than  to  do  the  same  work  for  the  entire  Paleozoic  area  of  the  state. 

Fossils  have  been  compared  to  the  paging  of  the  leaves  of  a  book, 
rendering  it  comparatively  easy  to  place  them  in  their  proper  order 
wherever  found,  and  however  much  injured.  But  the  leaves  of  our 
book  are  not  paged,  besides  being  crumpled,  soiled  and  torn.  He 
must  work  long  and  well  who  would  bring  them  into  order. 

My  original  plan,  approved  by  Dr.  Lapham  (afterwards  abandoned 
for  various  reasons),  contemplated  a  full  practical  treatment  of  the  sub- 
ject of  mineral  prospecting  and  exploration^  thus  expanding  and 
completing  what  was  begun  in  chapters  VII  and  VIII,  Mich.  Gcol. 
Eeport,  1873,  Vol.  I.  Much  could  be  added  under  Prospecting,  but 
the  chapter  on  the  Magnetism  of  liocke^  and  use  of  magnetic  instru- 
ments  in  searching  for  ore,^  is  quite  complete  save  as  to  the  use  of  the 
dial  compass.  Beginning  with  a  rude  home-made  portable  dial,  in 
1866, 1  gradually  brought  the  instrument  to  the  complete  form  made 
by  F.  Kroedel,  N.  Y.,^  and  extensively  used  in  this  survey.  This 
instrument  was  exhibited  and  explained  at  the  Hoboken  meeting  of 
the  Am.  Inst,  of  Mining  Engrs.,  1874.  I  regard  it  as  indispensable 
in  topographical  and  geological  reconnoissance  or  mineral  prospect- 
ing, where  magnetite  is  present. 

'  Extensive  bat  not  exhaustive  research  has  led  me  to  believe  this  was  the  first  practi- 
eal  paper  on  this  snltject. 

•  Messrs.  Gorley,  IVpy,  N.  Y.,  are  now  making  a  nsefol,  cheap,  hand  form,  like  one  of 
ray  earlier  ones.  They  are  also  devising  a  tripod  instrament,  which  bids  fair  to  super- 
ode  the  Burfc  solar  compass  for  reconnoissance  and  some  kinds  of  ordinary  surveys. 
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CHAPTER  I. 

THE  HURONIAN  SERIES  IN  GENERAL. 

For  tlie  convenience  of  those  who  care  only  for  conclusions,  com- 
parisons and  general  facts,  the  main  results  of  my  examination  of  the 
iron-bearing  rocks  of  the  Menominee  region  will  be  summarized  in 
this  chapter,  and  comparisons  instituted  with  rocks  regarded  as  their 
equivalents  in  other  not  distant  regions. 
k;  '  1.  The  kinds  of  rock,  their.relative  abundance  and  mineral  compo- 

sition, may  properly  be  first  noticed. 

An  inspection  of  the  accompanying  Table  I,  which  presents  a 
compact  summary  of  the  lithological  characters  of  the  several  systems 
and  series  of  rocks  south  of  Lake  Superior,  shows  the  richness  of  the 
Huronian  strata  in  kinds j  embracing  as  it  does  about  all  the  rocks  oc- 
curring in  the  other  series  (save  the  melaphyrs  of  the  Keweenawan), 
and  more  than  a  dozen  distinct  lithological  families  not  found  in 
either  the  older  Laurentian,  nor  yet  in  the  younger  Keweenawan. 
This  peculiarity  seems  to  characterize  the  Huronian  in  Michigan,  and 
in  the  adjacent  Wisconsin  territory,  since  the  number  of  varieties 
diminishes  to  the  southwest  in  Central  Wisconsin,  according  to  Prof. 
Irving,  as  well  as  to  the  west  in  the  Penokee  region.  The  poverty  in 
kinds  of  rock  of  the  Canadian  Huronian  is  still  more  marked. 

No  one  kind  of  rock  is  found  in  the  four  periods;  only  certain 
greenstones  are  common  to  the  three  older,  while  in  the  case  of  the 
older  two,  it  may  almost  be  said  that  every  kind  of  rock  found  in  the 
Laurentian  occurs  in  the  overlying  Huronian.  The  lithological  break 
at  the  line  dividing  the  Huronian  from  the  Keweenawan  is  further 
emphasized  by  the  totally  new  accidental  minerals  enumerated  by 
Prof.  Pumpelly  as  occurring  in  the  abundant  ^^  amygdaloidal  traps  " 
of  the  Copper  series;  i.  e.,  the  zeolite  family  and  related  minerals,  the 
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occurrence  of  which  usually  marks  eruptive  rocks,  and  which  are  not 
found  in  either  of  the  older  series,  nor  is  the  amygdaloidal  structure. 
Those  desiring  fuller  information  regarding  the  microscopic  character 
of  the  Huronian  rocks  are  referred  to  Dr.  Wichmann's  report,  chapter 
V,  and  for  associations,  transitions  and  graduations  of  the  same,  to 
chapters  III  and  IV. 

2.  The  stratigrajphical  order^  or  relative  age  and  names  of  the  vari- 
ous rock-beds  constituting  the  series,  has  received  more  personal  atten- 
tion than  any  other  question  connected  with  these  rocks.  I  first 
worked  it  out  for  the  Middle  Hur6nian,  purely  as  an  economic  ques- 
tion connected  with  prospecting  for  iron  ore  in  the  Marquette  region 
in  1865-7,  Alexis  A.  Julien  assisting  me  one  season.  The  gist  of  my 
results  was  given  by  Dr.  Credner,  without  credit,  however,  in  his 
paper,  already  referred  to,  published  in  Berlin  in  1869,*  and  copied  in 
his  Elements  of  Geology,  1872,  p.  282.  Subsequent  studies,  aided 
by  extensive  industrial  developments,  have  placed  the  general  correct- 
ness of  this  subdivision  of  the  Marquette  series  beyond  all  question.^ 

The  numhering  and  designation  of  the  several  beds  which  go  to 
make  up  the  Huronian  series,  came  in  this  way: 

In  my  economic  work  in  the  Marquette  region,  having  in  view  the 
wants  of  explorers,  prospectors  and  land-owners,  it  became  necessary  to 
designate  certain  strata,  which  I  did  by  numbers  from  oldest  to  young- 
est, always  writing  them  in  Koman  numerals.  Thus,  the  great  quartzite 
was  called  V,  the  great  iron  ore  horizon  XIII,  and  the  staurolitic  mica- 
schist  of  Lake  Michigamme,  the  youngest  rock  then  made  out,  XIX. 

In  my  reconnoissance  of  the  Menominee  region,^  a  different  series 
was  employed,  no  attempt  having  then  been  made  to  equate  them 
with  the  Marquette  beds.* 

Eesuming  work  in  the  Menominee  region  in  1874,  under  the 
auspices  of  the  Wisconsin  survey,  I  soon  became  strongly  impressed 
with  the  fact  that  there  was  a  marked  lithological  similarity  between 
certain  beds  here  and  corresponding  ones  in  the  Marquette  series  as 
developed  60  miles  to  the  north.  I  have,  therefore,  attempted  to 
equate  the  two  series,  u^ing  the  Marquette  numerical  designations 
throughout.  An  inspection  of  the  Table  of  Sequence  and  Equiva- 
lency at  the  end  of  this  chapter,  will  indicate  how  far  the  attempt 
has  been  successful. 

3.  The  geographical  distributions  of   the  three  groups  of  beds 

*  Zeitschrift  der  Deutschen  Geologischen  Gresellschaft,  Band  XXI. 
'See  Mich.  Geol.  Rep.,  1873,  Vol.  I. 

"Results  in  Mich.  Report,  1873,  Vol.  I. 

♦  Dr.  Credner  had  unsuccessfully  attempted  it  in  1869.    See  his  paper. 


Digitized  by 


Google 


THE  HURONIAN  SERIES  IN  GENERAL.  439 

constituting  the  larger  divisions  of  the  Huronian  series,  can  be  best 
understood  by  consulting  Atlas  Plate  No.  XXIX.  This  map  was  con- 
structed in  order  to  separate  what  is  hypothetical  from  what  is  known, 
and  to  simplify  the  broad  structural  problem  by  disregarding  unessen- 
tial facts.  On  it  are  represented  only  the  main  divisions  of  the 
Huronian  in  their  liypothetical  extension  and  folds  so  far  as  the  facts 
would  warmnt  conjecture.  This  plan  leaves  for  the  general  map. 
Atlas  Plato  XXVIII,  the  representation  only  of  known  facts,  and  pre- 
sents a  white  surface  for  the  convenient  addition  of  new  facts  which 
may  be  brought  out  in  the  future.  ^ 

DESCRIPTION  OF  THE  HURONIAN  SERIES,  • 

A.  The  Lower  Haronian  (Beds  I  to  VII).  See  Atlas  Plates 
Nos.  XXVIII  and  XXIX,  and  Plate  I,  of  this  report. 

Beds  I  to  VII,  inclusive,  have  their  chief  and,  so  far  as  positively 
known,  only  developments  in  Michigan,  bordering  the  great  Lauren- 
tian  anticlinal  on  its  S.,  S.  W.,  W.  and  N.  sides  in  all  its  various 
sinuosities,  and  are  only  in  part  made  out. 

The  most  conspicuous  bed  of  this  division,  as  well  as  of  the  entire 
Huronian  series,  is  the  Lower  Quartzite,  No.  II,  which,  owing  to  its 
great  thickness  and  resistance  to  weathering  influence,  is  usually 
exposed  in  outcrops,  sometimes,  as  where  it  crosses  the  lower  Stur- 
geon river,  becoming  a  bold  topographical  feature. 

Omitting  beds  I,  III  and  IV,  about  which  little  is  known,  we 
come  to  the  great  marble  (dolomitic  limestone)  bed,  V,  which  in  the 
south  belt  of  the  Sturgeon  river  district,  is  almost  as  prominent 
as  the  quartzite.  In  one  place  on  Sec.  35,  T.  40,  R.  30,  there  is 
exposed  a  thickness  of  over  1000  feet  of  this  rock,  and  its  course 
may  be  traced  by  a  series  of  outcrops  about  N.  70'  W.  from  near  the 
Breen  mine,  for  over  15  miles  to  a  point  S.  W.  of  Lake  Antoine,  on 
the  south  side  of  which  lake  it  is  abundant.  In  the  north  belt  it  is 
seen  at  several  points,  but  is  less  prominent  and  apparently,  like 
the  quartzite,  much  thinner. 

Overlying  the  marble  is  the  great  iron-ore  horizon  (VI),  in  which, 
up  to  this  time,  the  chief  economic  interest  has  centered.  It  may  be 
said  in  general  to  be  coextensive  with  the  marble  last  described,  which 
it  overlies,  but  is  not  so  often  seen  in  outcrops.  The  maps  show  this 
ore  stratum  as  first  emerging  from  under  the  Silurian  rocks,  which 
cover  the  entire  area  of  the  upper  peninsula  of  Michigan  east  of  this 
point,  near  the  center  of  T.  39  N.,  R.  28  W.,  where  the  Breen  and  Em- 
met mines  have  been  opened  in  it,  and  a  good  quality  of  brown  and 


Digitized  by 


Google 


440  GEOLOGY  OF  THE  MENOMINEE  IRON  REGION. 

red  iron  ores  found.  From  this  point  it  is  traceable  bj  magnetic 
attractions,  boulders,  outcrops,  explorations  and  now  exploited  mines, 
80  numerous  and  well  marked  as  to  leave  little  doubt  of  its  abso- 
lute continuity,  nearly  twenty  miles  in  a  general  W.  N.  W.  direc- 
tion, to  and  across  the  Menominee  river  into  Sec.  22,  T.  39,  R  19  R, 
Wisconsin.  One  or  two  minor  folds  are  known  to  exist  within  this 
distance;  others  will  probably  be  found. 

Like  nearly  all  the  rocks  in  this  part  of  the  valley  of  the  Menomi- 
nee and  Pine  rivers,  the  iron-ore  bed  is  here  eroded  to  a  great  depth, 
and  so  covered  with  sand  and  earth  that  it  is  not  seen;  but  its  posi- 
tion is  put  beyond  all  question  by  the  deviations  in  the  magnetic  needle 
to  be  observed  about  one  mile  north  of  the  mouth  of  Pine  river,  which 
continue  with  diminishing  intensity  for  a  mile  into  Wisconsin.  The 
bed  at  this  last  point  seems  to  lose  the  greater  part  of  its  magnetite — 
nowhere  abundant — which  renders  it  impossible  to  follow 'it  farther 
with  the  compass  needle.  This  phenomenon  often  occurs  in  other 
parts  of  the  Menominee  region,  and  in  a  still  more  marked  degree  in 
the  Marquette  region;  for  it  must  be  borne  in  mind  that  the  two  most 
abundant  ores,  the  specular  and  soft  hematites,  are  not  in  themselves 
magnetic.  They  usually,  but  not  always,  contain  a  slight  mixture  of 
magnetite.  For  example,  there  is  no  magnetic  attraction  whatever  at 
the  Jackson,  New  York,  Cleveland,  Lake  Superior  and  Barnum  mines, 
of  the  Marquette  region,  which  produce  in  the  aggregate  one-half  of 
all  the  first-class  ore  mined  in  Michigan.  It  is  possible  that  the  place 
of  the  ore  beds  could  be  determined  farther  west  by  more  delicate  and 
expensive  magnetic  observations  than  we  were  enabled  to  make;  but 
cligging  must  be  resorted  to  in  all  probability. 

The  magnetic  attractions  and  shows  of  iron,  so  abundant  in  the 
vicinity  of  Lake  Eliza  and  on  the  Pine  river,  as  is  elsewhere  explained, 
belong  to  younger  beds. 

The  ore  range  which  passes  just  north  of  Lake  Antoine  and  under 
Lake  Fumee  (see  map),  and  which  also  loses  its  magnetism  going  west 
before  it  reaches  the  Wisconsin  line,  is  believed  to  belong  to  the  same 
horizon  of  ore  last  described,  being  the  north  wing  of  an  anticlinal 
which  sinks  toward  the  west,  and  spreading  out  in  a  more  or  less  un- 
dulating bed,  undoubtedly  underlies  the  entire  region  surveyed  in  Wis- 
consin, at  a  depth  possibly  accessible  near  the  river,  but,  over  a  con- 
siderable area,  beyond  the  reach  of  mining,  according  to  present  ideas 
and  methods. 

This  ore  horizon  again  appears  in  the  Korth  Belt  of  the  Sturgeon 
river  district,  as  shown  on  the  map,  but  no  reliable  indications  have 
been  found  of  a  connection  between  the  two,  which,  on  the  hypothesis 
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assumed,  must  exist,  probably  for  the  most  part,  on  the  Michigan  side 
of  the  river.  The  facts  point  toward  the  existence  of  considerable 
faults  in  this  vicinity. 

Exposures  of  quartzite  and  limestone  beyond  the  limits  of  my  sur- 
vey in  the  S.  W.  part  of  T.  41  N.,  R.  16  E.,  Wis.,  suggest  the  possi- 
bility of  the  presence  of  the  Lower  Huronian  on  that  portion  of  the 
Brul6. 

B.  Middle  Haronian.  To  attempt  a  general  description  of  the 
Middle  Huronian  (beds  VIII  to  XIII)  quartzites,  clay  slates  and 
obscure  soft  schists,  would  be  to  repeat  the  little  that  is  known  about 
them  contained  in  the  detailed  description  of  the  Huronian  beds  given 
in  the  following  chapter.  We  therefore  proceed  at  once  to  consider 
the  better  known  and  far  more  important  Upper  Huronian  Beds  XIV 
to  XX. 

0.  Upper  Haronian  (Beds  XIV  to  XX).  The  uppermost  mem- 
bers of  this  division,  and  therefore  the  youngest  rocks  of  the  Huronian 
series  (the  mica  schists,  gneisses  and  granites),  were  not  recognized  by 
Dr.  Credner,*  and  are  only  partially  made  out  and  described  in  my 
Michigan  Reports,  although  extensively  developed  in  Michigan  as 
well  as  on  the  Wisconsin  side  of  the  river.  Their  barrenness  in 
iron  ores  was  one  reason  for  this  neglect  These  beds  possess  much 
interest  from  the  aid  derived  from  the  mica  schist  in  establishing  the 
equivalency  of  the  Menominee  with  the  Marquette  series,  elsewhere 
considered,  and  because  granite  is  a  heretofore  unrecognized  rock  in 
the  Huronian. 

Taking  up  this  division  at  its  most  easterly  large  exposure,  and  not 
far  from  where  it  emerges  from  under  the  Silurian  (see  Atlas  Map, 
No.  XXVIII),  we  have,  at  the  Sturgeon  Falls  of  the  Menominee 
river,  a  fine  section  of  the  lower  portion  of  this  division,  in  which  the 
great  gabbro  bed,  XVI,  is  conspicuous,  forming  the  barrier  rock  of 
the  fall.  Korth  and  south  are  softer  and  more  schistose  rocks,  all  of 
which  are  described  in  the  following  chapter.    (See  Plate  I.) 

The  facts  regarding  the  distribution  of  the  youngest  beds  southwest 
of  Sturgeon  Falls  are  shown  on  Atlas  Plate  XXVIII,  and  my  hypoth- 
esis of  folding  on  Atlas  Plate  XXIX.  From  Sturgeon  Falls,  the 
general  course  of  the  series  is  parallel  with  the  great  iron  ore  and 
limestone  beds  of  the  lower  divisions,  that  is,  about  W.  N.  W.,  which 
determines  the  course  of  the  Menominee  river  here,  as  well  as  that  of 
the  Lower  Pine,  farther  to  the  west,  which  is  but  a  continuation  of 
the  same  great  valley. 

>  See  first  pablished  description  of  these  rocks  in  Zeitschrift  der  Deutschen  Geologi- 
schen  Gesellschaft,  Band  XXI,  p.  516. 
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Four  miles,  for  which  distance  only  a  few  exposures  can  be  seen  on 
the  river,  brings  us  to  the  Devil's  Gut  and  Sand  Portage  series,  where 
there  is  a  large  development  of  the  softer  schistose  beds  overljing  the 
great  gabbro,  here  only  seen  north  of  the  river. 

Between  Sand  Portage  and  Little  Quinnesec  falls,  there  is  an  almost 
continuous  high  mural  exposure  of  the  great  gabbro  (XVI)  on  the 
north  side  of  the  river,  which  here  attains  a  thickness  of  over  750 
feet. 

At  the  Little  Fall,  the  river  again  breaks  through  the  barrier  at  a 
point  where  considerable  disturbance  in  the  strata,  probably  due  to  a 
fault,  seems  to  have  taken  place.  The  facts  bearing  on  this  arc  noted 
on  Plate  No.  II,  Chapter  II,  which  see,  with  description. 

Above  this  fall  we  have  several  miles  of  still  water  and  littoral 
deposits,  indicating  a  lake  bottom  at  no  very  remote  period,  to  the 
basin  of  the  Great  Quinnesec  fall,  in  which  are  rocky  islands.  Here 
begin  a  succession  of  falls  and  rapids  which  extend  for  two  miles,  in 
which  most  of  the  beds  of  the  upper  division,  that  is,  from  XV  to 
XVIII,  are  crossed  and  uncovered  in  the  river  banks.  This  great 
exposure,  and  the  proximity  of  the  overlying  granite  to  the  south, 
render  this  locality  one  of  the  best  in  the  whole  region  in  which  to 
study  this  division  of  the  Huronian.  Plate  III,  with  description, 
chapter  II,  covers  the  most  interesting  facts. 

From  this  locality  but  little  is  known  of  these  beds  for  eight  miles, 
when  they  reappear  in  strength  at  the  various  falls  in  the  Pine  river, 
where  they  become  more  quartzose  and  more  highly  ferruginous, 
promising  to  bear  workable  beds  of  ore. 

By  the  general  map,  it  will  be  observed,  that  immediately  west  of 
the  Great  Quinnesec  falls  the  rocks  bend  to  the  west  and  even  south 
of  west,  while  at  the  same  time  the  iron  range  (VI)  bends  more  to 
the  north,  thus  forming  a  topographical  and  probably  geological  basin, 
about  which  little  is  known,  owing  to  deep  erosion,  which  has  made 
room  for  the  sand  terraces  which  conceal  the  rocks. 

It  is  believed  that  the  clay  slates  and  associated  rocks  forming  the 
middle  division  of  the  Huronian,  are  spread  out  here,  through  one  or 
more  undulations,  the  presence  of  which  is  rendered  probable  by  the 
Lake  Hanbury  fold.  (See  Section  DD.,  Atlas  Plate  XXVIII.)  The 
rock  exposures  near  the  mouth  of  the  Pine  are  believed  to  belong  to 
the  middle  division. 

One  of  the  most  interesting  and  yet  puzzling  facts  in  this  basin,  is 
the  presence  of  the  seven  immense  marble  boulders  in  the  Menominee 
river,  about  two  miles  below  the  mouth  of  the  Pine,  and  the  one,  still 
larger,  just  above. 
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Assuming  the  boulders  to  belong  to  No.  V  (they  may  be  simply 
drift,  which,  however,  seems  improbable  from  there  being  seven  to- 
gether and  only  one  seen  at  any  other  point),  it  may  very  probably 
be  brought  near  the  surface  here  by  folds.  On  this  hypothesis,  we 
should  find  the  iron  ore  bed  VI  near.  No  iron  boulders  were  seen, 
and  only  slight  magnetic  attractions  exist,  but  nothing  was  made  out 
of  them.  Mr.  Desor  (Foster  &  Whitney,  L.  S.,  Part  II,  page  24)  is 
reported  to  have  seen  marble  boulders  on  the  surfaces  of  the  adjacent 
drift  hills. 

Taking  up  again  the  known  members  of  the  upper  division,  we  find 
at  the  several  falls  and  rapids  of  the  lower  Pine,  between  the  Great 
Bend  and  tlie  mouth  of  the  Poplar,  numerous  exposures  of  its  beds, 
the  lithological  character  of  which  has  somewhat  changed.  Tlie  rocks 
here  contain  more  quartz  and  more  iron  ore,  the  character  of  which 
last  will  be  discussed  hereafter.  The  great  gabbro  has  disappeared 
and  its  place  is  occupied  by  various  schists.  The  congloraerate- 
quartzite  bed,  XIV.,  forming  the  key-rock  of  the  Pine  river  district, 
here  makes  its  appearance. 

Tlie  series  were  not  traced  to  any  considerable  distance  west  of  the 
north-and-south  reach  of  the  Pine,  in  T.  39  N.,  R  17  E.,  but  a  spe- 
cies of  hornblende  schist  procured  by  Mr.  Halsey  from  the  west  line  of 
Sec.  7  of  this  town,  indicates  that  the  series  continues  to  follow  the 
general  west-northwest  direction,  probably  again  crossing  the  Pine  on 
the  line  between  towns  39  and  40  N.,  range  16  E.^ 

So  far,  the  superficial  distribution  and  structure  of  these  rocks  has 
been  very  regular  and  easily  understood,  for  they  have  followed  a  nar- 
row belt  one  to  three  miles  wide,  running  with  slight  variations  about 
N.  70*  "W.,  and  having  a  length  of  over  25  miles.  The  whole  series, 
like  the  iron  of  the  lower  division,  dipping  at  a  high  angle  to  the 
south,  away  frpm  the  Michigan  Laurentian,  and  apparently  underly- 
ing the  granite  and  granitic-gneiss  observed  south  of  the  Quinnesec  falls. 
Crossing  now  the  great  Laurentian  wedge  which,  coming  from  the  east- 
ward, divides  the  Huronian  series,  to  the  north  wing  of  the  anticlinal,  we 
find  in  T.  42  N.,  ranges  28,  29  and  30  W.,  Mich.,  numerous  outcrops 
of  hornblende  and  mica  schist,  with  occasional  beds  of  gneiss  and 
veins  of  granite,  just  as  was  observed  in  the  corresponding  geo- 
logical position  south  of  the  Quinnesec  falls. 

Not  being  in  Wisconsin,  nor  essential  to  a  general  comprehension 

*  Since  the  above  was  written,  Mr.  Wright  took  up  this  series  at  the  western  edge  of 
my  especial  area,  that  is,  west  of  the  N.-S.  center  line  of  ranga  17,  and  followed  it  W. 
and  N.,  obtaining  resulta  fully  confirming  this  view,  which  are  shown  in  part  on  the 
accompanying  maps,  and  fully  in  his  report,  part  VIII  of  this  volume. 
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of  the  subject,  no  attempt  was  here  inade  to  work  out  the  equivalency 
of  the  several  members  of  the  upper  division  of  the  Huronian,  as  was 
done  in  the  south  belt.  Nor,  indeed,  has  the  lower  division,  embracing 
the  iron  and  marble,  been  as  fully  worked  out  in  the  north  belt,  owing 
to  few  outcrops,  less  magnetite  in  ore,  and  the  greater  prevalence  of 
the  capping  Potsdam  sandstone.  For  a  brief  description  of  this 
north  belt.  Sturgeon  river  district,  see  my  Michigan  Geological  Ee- 
port.  Vol.  I,  page  173. 

Following  the  upper  division  of  the  Huronian  of  the  North  Belt, 
we  find  its  general  bearing  (not  regarding  for  the  present  its  numer- 
ous great  sinuosities),  to  be  south  of  west,  as  if  to  unite  with  the 
South  Belt,  which,  it  will  b3  remembered,  bore  north  of  west 

One  striking  difference  between  these  north  and  south  wings  is 
obvious,  and  needs  to  be  referred  to  here;  that  is,  the  far  greater 
breadth,  at  least  three  times,  of  the  south  as  compared  with  the 
north.  This  is  probably  due  in  part  to  a  thinning  out  of  the  beds  in 
this  direction,  but  I  am  of  the  opinion  that  the  major  part  of  the 
discrepancy  is  owing  to  the  greater  number  of  folds  and  undulations 
(as  shown  on  atlas  plates),  in  the  series  as  developed  south  of  the 
axis,  and  that  Dr.  Credner's*  estimated  thickness  of  20,000  feet  is 
much  too  great,  even  perhaps  with  the  addition  of  the  younger  mem  ■ 
bers,  which  he  did  not  recognize. 

All  the  numerous  exposures  of  rock,  dipping  and  striking  as  they 
do  at  all  angles  and  at  all  points  of  the  compass,  near  the  junction 
of  the  Brul6,  Paint,  and  Michigamme  rivers,  and  along  the  Menom- 
inee down  to  and  including  the  Twin  Falls,  are  believed  to  belong  to 
this  upper  division  of  the  Huronian,  as  are  also  the  many  exposures 
of  quartzite,  clay  slate,  greenstone  and  ir(m  ores,  east,  north,  and  west 
of  Lake  Eliza. 

To  have  followed  out  the  various  colored  stripes  in  this  crumpled, 
torn  and  cut  pile  would  have  been  impossible  with  the*  means  at  our 
disposal,  had  it  been  exposed  to  view  through  the  hundreds  of  miles 
which  the  length  of  its  various  members  aggregate.  With  many 
square  miles  covered  from  view  by  drift,  and  in  the  absence  of  mag- 
netite in  portions  of  the  area,  it  is  simply  impossible  to  completely 
solve  the  structural  problem. 

The  facts  collected  and  the  general  hypothesis  formed  are  given  on 
the  atlas  maps  in  the  belief  that  they  will  aid  the  future  investigator. 
No  explanation  of  the  map  is  necessary  except  to  state  that  consider- 
able uncertainty  as  to  their  age  has  existed  with  reference  to  the  mag- 
netic actinolite  schists,  gi*eenstones  and  plumbaginous  clay  slates  so 

>  See  Zeitschrift  der  Deatachen  Geol.  Gesellschaft,  Band  XXI. 
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extensively  developed  west  o£  LaVe  Eliza.  They  are  now  believed  to 
be  younger  than  the  great  q*.nrtzite  (XIV),  which  is  shown  to  dip 
nnder  them. 

It  will  be  observed  that  orer  a  considerable  portion  of  the  upper 
Huronian  area,  I  have  not  even  ventured  to  draw  hypothetical  struc- 
tural lines  on  the  map.  In  a  region  where  sharp  folds  with  inclined 
axes,  sudden  changes  in  the  trend  of  the  beds,  overturned  dips,  and 
immense  erosion  is  the  rule,  one  is  liable  to  pass  from  one  bed  to  an- 
other in  going  a  very  short  distance  in  any  direction. 

The  absence  of  fossils  forces  one  to  depend  entirely  on  the  litho- 
logical  character  of  the  different  horizons  for  their  identification ;  but 
this  character  is  not  at  all  constant.  'Different  beds  are  almost  ex- 
actly identical,  so  far  as  can  be  observed  in  the  field,  as,  for  example, 
II  and  XIV,  and  the  same  bed  changes  its  character  almost  entirely 
in  a  few  miles,  as  in  the  case  of  XIV  and  XV,  described  in  chap- 
ter 11. 

With  these  drawbacks  the  task  would  be  simply  one  of  time  and 
labor,  if  there  were  more  outcrops;  but  large  areas,  as,  for  example, 
the  valley  of  the  Menominee,  north  side,  and  the  valley  of  the  Lower 
Pine,  are  almost  entirely  covered  with  drift,  affording  no  clue  to  what 
is  beneath.  Only  magnetic  rocks  can  be  followed  here  unless  we 
resort  to  the  pick  and  shovel. 

When  facts  are  so  scarce,  one  is  so  rejoiced  in  finding  them,  that  ho 
almost  forgets  that  he  has  perhaps  waded  swamps  or  clambered  through 
windfalls,  at  the  rate,  with  intense  labor,  of  not  to  exceed  five  miles  a 
day,  maybe  for  one  or  several  days,  and  found  only  a  single  outcrop. 
He  may  have  passed  within  a  few  rods  of  others  and  not  observed 
them,  because  of  trees  and  brush  and  fallen  timber.  The  same  labor 
and  time  would  have  carried  him  a  hundred  miles  comfortably  on 
horseback  in  the  far  west,  with  a  boundless  view  and  uncovered  rocks 
constantly  before  him,  enabling  him  to  select  the  points  to  visit,  thus 
utilizing  time  and  labor  to  the  utmost. 

4.  With  regard  to  the  thickness  of  the  different  beds,  and  of  the 
total  Huronian  series  of  the  Menominee  region,  my  results  are  not 
very  satisfactory,  owing  largely  to  the  inherent  difficulties  of  the  prob- 
lem. It  is  true  that  these  rocks  generally  expose  their  upturned 
edges,  which  makes  it  often  apparently  easy  to  measure  the  thickness 
of  one  or  several  beds.  The  difficulty  lies  in  the  fact  that  the  number 
of  sharp  folds  where  thick  beds  double  back  upon  themselves,  often 
renders  it  doubtful  whether  what  is  exposed  on  the  surface  represents 
the  true  thickness  of  the  bed,  or  double  the  thickness  when  a  single 
axis  exists,  or  three  times  the  thickness  where  both  an  anticlinal  and 
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synclinal  are  present.    This  is  especially  true  of  quartzites,  clay-slates 
and  greenstones,  whose  bedding  planes  are  usually  very  obscure.^ 

The  following  table  presents  all  the  material  which  I  consider  at  all 
reliable,  bearing  on  the  subject.  It  will  be  observed  that  the  mini- 
mum thickness,  say  5,000  feet,  which  was  obtained  in  the  northeast 
portion  of  the  Menominee  region,  is  one-fourth  the  apparent  thickness 
found  in  the  south  and  west  portions  of  the  region,  within  a  distance 
of  25  miles.  A  part,  and  perhaps  the  greater  part,  of  this  difference 
is  very  likely  due  to  a  difference  in  the  original  thickness  of  the  beds. 
A  part  I  conceive  may  have  been  produced  by  a  lateral  pressure,  the 
same  perhaps  as  that  which  produces  cleavage  in  rocks,  which  we  may 
suppose  to  have  squeezed  the  thin  series  within  a  space  considerably 
less  than  its  normal  thickness.  A  third  cause  of  discrepancy  has  al- 
ready been  referred  to,  i.  e.,  the  sharp  plications  of  the  beds  themselves. 
From  year  to  year  more  such  folds  are  being  found,  and  it  is  quite 
improbable  that  all  are  yet  known.' 

Not  including  the  overlying  granite,  bed  XX,  which  is  very  likely 
eruptive,  and  which  has  been  but  little  studied,  but  is  apparently  very 
thick,  I  think  wo  may,  on  present  information,  speak  generally  of  the 
Huronian  series  of  the  .Menominee  region  as  from  10,000  to  15.000 
feet  thick.  While  this  is  undoubtedly  about  double  the  thickness  of 
the  Marquette  series,  it  is  quite  insignificant  when  compared  with  Prof. 
Irving's  estimate  of  the  thickness  of  the  Huronian  in  Central  Wiscon- 
sin, supposing  the  Black  river  and  Baraboo  series  described  by  him 
to  be  Huronian.  (See  Gteol.  of  Wis.,  Vol.  II.)  Lying  geographically 
between  these  points  of  minimum  and  maximum  thickness,  the  facts 
seem  to  point  unmistakably  to  a  fapid  thickening  as  we  go  south  from 
the  shore  of  Lake  Superior.  To  the  west,  approximately  parallel  witli 
the  border  of  the  lake,  a  thickness  approximating  that  found  in  the 
Marquette  series  seems  to  maintain  between  Lake  Gogebic  and  Mon- 
treal river,  and  which  I  do  not  believe  is  greatly  increased  in  the  Peno- 
kee  series.  But  as  I  have  only  made  a  reconnaissance  of  that  region, 
we  must  look  to  the  results  of  Messrs.  Wright  and  Irving's  detailed 
surveys  for  the  facts.* 

Turning  eastward,  the  Canadian  geologists  (Report  of  1863,  p.  67) 
make  out  a  thickness  of  about  18,000  feet. 

*  So  able  an  observer  us  Dr.  fl.  Credner  in  this  way  counted  bed  IX  three  times  in  his 
much  too  great  estimate  of  the  thickness  of  the  middle  and  lower  Huronian. 

'  More  than  one  unknown  fold  has  since  been  developed  by  recent  mining  operations. 

•Prof.  Irving,  in  the  Amer.  Jour.  Sci.  May,  1879,  has  published  the  thickness  of  the 
Penokee  series  as  12,800  feet.  On  his  forthcoming  official  map  of  the  Bad  river  region, 
I  observe  that  his  general  sections  show  no  fold).  It  will  be  surprising  if  snch  do  not 
exist  —  all  of  which  will  undoubtedly  be  made  clear  in  his  text,  which  I  have  not  i 
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A^PKOXTiCATE  Thickitess  of  Huronian  strata  in  the  Menominee  region,  from  base  to 
(but  not  including)  overliving  eruptive  granite. 

Minimum, 
Maximum, 


Bed. 

XIX 

XVIII 

XVII 

XVI 

XV 

XIV 

XIII 

XII 

XI 

X 

IX 

viin 

VJIf 
VI 

V 
IV 


North  Iron  Belt,  Stur- 
geon R.  District. 


Michigamme  R 4, 000 

Brule  R 1,900 

PineR 1,400 

Sturgeon  Falls 1,700 

SturgeonFalls 900 

Pine  River 800 

Four  feet  Falls 700 

Four  feet  Falls 200 

Four  feet  Falls 1,000 

;.'oo? 

400? 

Lake  Hanbury 1,000? 

Iron,  SouthBelt 700 

Marble,  South  Belt 1,700 

jjj  V  Pine  Creek,  Michigan 1,000? 

II     Sees.  7  and  8,  T.  39,  R.  28  W.,  Mich  ...  1 ,000? 
I     Falls  of  Sturgeon 300 


1,700 


8,400 


1,500 


900 

900 

200 

200 

600 

500 

Absent. 

.  •  • « 

19,000 


5,000 

5.  Comparison  of  the  Menominee  Iluronian  with  other  regions. 
Extent  of  the  Iluronian  Basins,  Expecting  that  my  report  might 
be  published  or  distributed  separately,  I  have  made  some  few  general 
comparisons  and  generalizations  which  might  with  propriety  be  left 
to  the  Chief  Geologist.  I  will  assume,  however,  that  he  has  field 
enough,  and  trust  ho  may  find  my  tabular  presentation  convenient  for 
reference. 

The  accompanying  Tables  II  and  III  present,  the  first,  a  general 
and  approximate;  the  second,  in  considerable  detail,  a  summary  of  the 
kinds,  sequence,  and  relative  abundance  of  the  Huronian  rocks  at  the 
several  points  south  of  Lake  Superior.  The  most  obvious  facts  shown 
by  table  II  are  worthy  of  note. 

The  richness  of  the  Huronian  period  in  kinds  of  rock  has  been* 
already  mentioned,  and  compared  with  other  adjacent  terrains  of 
different  age.  But  this  great  variety  is  confined  to  Michigan  and 
adjacent  Wisconsin  territory,  L  e,j  to  the  Marquette  and  Menominee 
regions,  in  which  are  found  about  eighteen  distinct  kinds  of  rock,  in- 
cluding probably  all  found  in  the  Huronian  of  the  Lake  Superior 
basin,  except,  perhaps,  true  quartz -porphyries.  At  160  miles  west  of 
Marquette  the  Penokee  series  yields  nine  kinds  of  rock.  At  about 
the  same  distance  in  the  opposite  direction,  we  find  on  the  north  side 
of  Lake  Huron,  where  the  series   was   first  studied,  only  six  kinds 
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mentioned  by  the  Canadian  geologists.  Nearly  the  same  pancity  in 
kinds  seems  to  prevail  on  the  east  and  northeast  shore  of  Lake  Su- 
perior. To  the  northwest,  however,  on  the  Minnesota  shore,  accord- 
ing to  Owen,  are  quite  possibly  more  kinds^  including  porphyry. 
Passing  to  the  southwest  in  Central  Wisconsin,  at  a  distance  of  about 
240  miles  from  Marquette,  Prof.  Irving  names  but  seven  kinds 
of  rock.  The  extensive  mining  operations  in  the  Marquette  and 
Menominee  regions  have  probably  already  exposed  all  the  rocks  that 
exist,  but  the  same  cannot  be  said  of  the  other  regions  mentioned, 
hence  the  wide  difference  now  apparent  may  be  somewhat  diminished 
by  future  developments. 

Quartzoae  rocks  are  found  everywhere  in  the  Huronian,  and  are 
nearly  everywhere  the  most  abundant  kind.  Ch'eenstonea  are  nearly 
as  wide-spread,  and  are  conspicuous,  as  are  limestones,  by  their  ab- 
sence from  central  Wisconsin.  Magnesian  schists  (which  may  some- 
times include  hydro-mica  schists)  mostly,  if  not  wholly,  chloritic,  are 
probably  as  widely  distributed  as  the  greenstones,  to  which  they  are 
intimately  related,  through  one  variety.  MerchantahU  iron  ores,  so 
far  as  actually  developed,  are  confined  to  the  Marquette  and  Menomi- 
nee regions,  but  ferruginous  rocks^  (quartzose  and  amphibolic),  are 
far  more  widely  distributed.  Clay  slates  and  mica-schists  (including 
hydro-mica  schist)  are  naturally  found  together,  but  do  not  seem  to 
be  as  widely  distributed  as  might  be  expected.*  The  distribution  of 
the  limestone  and  dolomites  is  interesting  in  the  small  number  of  dif- 
ferent but  tolerably  thick  beds,  and  their  wide  distribution.  They 
decrease  rapidly  to  the  west,  and  disappear  to  the  southwest. 

Amphihole  rocks  are  almost  entirely  confined  to  the  Marquette  and 
Menominee  regions,  where  they  are  abundant,  mostly  in  the  form  of 
schists.  They  seem  to  follow  the  rich  iron  ores,  and  are  themselves, 
especially  actinolite,  often  ferruginous. 

Gneiss  and  granite  are  most  abundant  in  the  Menominee  region. 
The  beds  are  not  numerous.  These  rocks  have  not  been  found  in  the 
Baraboo  series,  nor  in  the  Huronian  of  Canada. 

Unless  it  exists  in  Minnesota,  qtuirtz-porphyry  is  a  very  rare  Huro- 
nian rock,  our  table  showing  it  only  in  Central  Wisconsin,  with  a 
related  rock,  porphyrite,  in  the  Menominee  region. 

Schistose  conglomerates  of  various  kinds,  but  in  small  beds,  have 
been  observed  by  me,  but  I  have  not  included  under  slate-conglom- 
erate a  class  of  rocks,  as  has  been  done  in  Canada. 


*  Fatare  explorations  may  very  probably  find  rich  ores  among  these  rocks. 

*  The  soft  character  of  certain  slates  and  shales  would  cause  them  to  weather  down 
and  be  covered  with  soil,  and  thus  be  concealed  from  superficial  exposure. 
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The  qnestion  of  over  how  wide  an  area  of  the  Hnronian  sea  lie 
conditions  of  sedimentation  and  metamorphism  prevailed  as  indi- 
cated by  the  known  lithological  character  of  the  resulting  rocks,  is  a 
subject  of  great  interest.  The  points  of  resemblance  between  the 
Marquette,  Menominee,  Sunday  Lake,  and  Penokee  series,  are  so  nu- 
merous as  to  point,  I  think,  unmistakably,  to  their  having  been  formed 
in  one  basin  and  under  essentially  like  conditions.* 

They  may  be  summarized: 

{a.)  The  iron  ore  rocks  which  characterize  the  series,  are  confined,  I 
believe,  entirely  to  the  middle  and  upper  portion  of  the  lower  divis- 
ions, but  are  not  found  in  the  lowest;  while  (J.)  staurolitic  mica- 
schists,  gneisses  and  granites  characterize  the  upper  division. 
{c.)  Dolomitic  marble,  graduating  into  quartzite,  is  confined,  with 
perhaps  one  local  exception,  to  the  lower  beds.  Other  less  general, 
but  nevertheless  interesting  facts  of  the  same  kind  are  given  in  the 
following  scheme  of  equivalency  (Table  III).  By  reversing  the  order 
of  sequence  of  the  Black  river  series  in  central  Wisconsin,^  as  studied 
by  Prof.  Irving,  to  which  he  sees  no  serious  objection,  and  which  has 
been  done  in  the  table  of  equivalency,  these  rocks  would  be  brought 
approximately  into  harmony  with  those  above  described,  and  would 
immensely  increase  the  geographical  area  of  the  supposed  Huronian 
basin.  This  basin  must  have  had  a  minimum  east  and  west  length 
of  175  miles,  and  a  breadth  to  the  east  of  at  least  75  miles,  or  if  we 
embrace  central  Wisconsin,  three  times  as  far  north  and  south.  Its 
possible  area  may  have  been  at  least  20,000  square  miles. 

I  have  not  been  able  to  find  in  the  literature  of  the  survey  of 
Canada,  any  evidence  that  a  like  sequence  prevails  in  the  Huronian 
series  eastward  of  Lake  Superior;  hence  conclude  that  region  was  not 
embraced  in  the  same  basin.  This  might  be  expected,  however,  since 
the  causes  which  led  to  the  existence  of  this  mighty  lake  may  be 
supposed  to  have  had  their  beginning  as  early  as,  or  before,  the  Huron- 
ian period. 

Those  who  are  not  disposed  to  admit  that  lithology  affords  much 
assistance  in  identifying  rock  beds  over  even  small  areas,  should  have 
in  mind  that  the  lower  Silurian  sandstone  can  now  be  seen  quite  uni- 
form in  character  over  a  much  greater  area  in  the  same  region. 
Almost  the  same  remark  may  be  made  of  the  underlying  Keweena- 
wan  rocks.  Cannot,  approximately,  as  favorable  conditions  have 
existed  for  the  formation  of  a  particular  kind  of  rock  over  a  smaller 

*  I  pointed  this  oat  in  Am.  Jour.  Sci.,  March,  1875.    See,  also,  in  same,  Irving,  May, 
1879. 
•Vol.  II,  p.  493. 
Voum.— 29 
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area  at  the  earlier  period.  Prof.  Irving  has  well  remarked  that  it  is 
a  waste  of  time  to  attempt  to  establish  stratigraphical  equivalency, 
bed  for  bed,  in  non-fossiliferons  rocks  of  the  same  age  formed  in  dif- 
ferent basins. 

How  far  this  idea  is  applicable  to  those  rocks  formed  by  the  ordi- 
nary processes  of  sedimentation  in  widely  separated  portions  of  the 
same  continental  basin,  is  an  important  question  which  Dr.  Hunt,  who 
has  given  the  subject  much  attention,  has  briefly  discussed  in  Appen- 
dix A.  Certainly  the  more  widely  separated  the  areas  of  deposition, 
the  less  probable  that  any  given  bed  should  maintain  a  constant  litho- 
logical  character. 
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CHAPTER  II. 

LOCAL  DETAILS. 

TTiis  cTiapter  comprises  descriptions  of  the  rocks  at  localities  where 
the  outcrops  are  stcfficiently  numerous  to  aford  a  tolerably  com- 
plete sequence. 

The  Eoman  numerals,  indicating  the  supposed  sequence  of  the  beds 
from  oldest  to  youngest,  are  here  freely,  perhaps  too  freely,  used.  It 
is  very  probable  that  future  investigations  may  develop  folds  and 
faults  unknown  to  me,  whereby  these  numerical  designations  of  beds 
will  be  modified.  I  find  it,  however,  a  convenient  way  of  expressing 
the  hypothesis  of  structure  and  sequence,  towards  which  my  facts 
point.  The  following  descriptions  were  originally  prepared  in  tabular 
form,  giving  the  approximate  width  of  the  outcrops  and  breadth  of 
the  intervening  covered  spaces,  the  latter  amounting  on  the  average 
to  say  9-10  of  the  length  of  the  sections  described.  Since  the  natural 
exposures  usually  display  only  a  part  and  sometimes  a  very  small  part 
of  the  stratum,  and  concealed  and  sometimes  unsuspected  folds  are 
passed  over,  this  plan  has  been  abandoned  except  where  the  expos- 
ures were  approximately  continuous.  A  glance  at  the  plans  and 
accompanying  sections  will  give  the  reader  the  best  idea  of  the  nature 
of  the  data  on  which  the  approximate  magnitude  of  the  beds  given  in 
the  preceding  chapter  was  based. 

The  collection  numbers  enclosed  in  angular  brackets  []  are 
employed  in  referring  to  specimens,  except  in  the  case  of  the  162 
numbers  constituting  the  typical  suite  of  Iluronian  rocks,  which  are 
enclosed  in  curved  brackets  (  ). 

All  the  collection  numbers  occurring  in  this  work  are  arranged  in 
order  at  the  end,  with  descriptive  names  and  page  where  the  rock  is 
described. 

The  specimens  are  all  deposited  in  the  American  Museum  of  Natu- 
ral History,  New  York,  and  duplicates  of  Nos.  2051  to  2284,  col- 
lected in  1874,  in  the  state  survey  collection  at  Madison,  Wis. 
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1.  Sturgeon  Elyer  Section^  crossing  the  Breen-Yvlcan  Iron 
Range.  See  Plate  I,  T.  38  K,  R  21 E.,  Wis.,  and  T.  39  N.,  R.  28 
and  29  W.,  Mich. 

Beginning  at  the  S.  W.  end,  in  the  S.  W.  part  of  Sec.  32,  T.  38,  R. 
21  E.,  Wis.,  with  the  uppermost  Huronian  granite  and  gneiss,  the 
series  will  be  followed  N.  W.  from  youngest  to  oldest.  Along  this 
broken  section  and  in  its  vicinity,  the  entire  Iron-bearing  series  are 
more  completely  developed  than  on  either  of  the  following  sections. 

In  order  to  bring  together  in  one  place  the  complete  series,  occa- 
sional notes  will  be  interpolated  along  this  section,  supplying  its 
deficiencies  and  blanks,  thus  anticipating  facts  elsewhere  recorded. 

The  following  may,  therefore,  be  regarded  as  the  most  complete 
stratigraphical  enumeration  of  the  Menominee  rocks,  and  may  be 
conveniently  examined  in  connection  with  the  general  sections  on  the 
Atlas  Map  XXVIII,  or  with  the  Table  of  Sequence  and  Equivalency, 
in  chapter  I. 

The  following  description  of  the  granite  applies  more  particularly 
to  the  rock  south  of  Big  Quinnesec,  where  it  was  more  closely 
studied. 

Bed  XX.  Granite^  medium  to  coarse-grained,  with  large  crystals 
of  feldspar,  often  showing  rectangular  facets.  Mica  occurs  in  small, 
Kack  scales,  and  is  not  abundant.  Quartz  is  "  veiny,"  or  like  a  paste 
in  which  the  other  minerals  are  bedded. 

Distribntion  and  general  character  of  this  bed.  In  my  Mich.  (}eoL  Bep., 
1873,  Vol.  I,  p.  161,  there  is  mentioned  as  extending  east  and  west  through  the  centerof 
T.  42  N.,  R.  28  to  30  W.,  a  belt  of  outcrops  of  hornblende  and  mica  schista  and  gneiss, 
traversed  in  places  by  dykes  and  perhaps  by  beds  of  granite.  On  p.  175,  attention  is 
called  to  the  Hthological  resemblance  of  these  to  certain  Laurentian  rocks,  as  well  as  to 
the  fact  that  gneiss  and  granite  had  not  at  that  time  been  observed  in  the  Marquette 
Horonian.  Thut  belt  has  since  been  traced  westerly  across  the  Michigamme  river,  where 
there  are  large  exposures  of  granite  near  the  center  of  T.  42,  R.  82.  On  the  Michi- 
gamme it  is  well  exposed  between  Norway  and  Long  Portages.  South  of  the  Menominee 
river,  on  the  opposite  side  of  the  great  anticlinal,  is  the  undoubted  equivalent  of  this 
series,  dilTering,  however,  in  containing  a  large  proportion  of  granite,  especially  toward 
the  east,  and  scarcely  any  typical  mica  schist  The  granite  area  lying  S.  W.  of  that 
portion  of  the  Menominee,  embraced  between  the  mouth  of  \h%  Sturgeon  and  the  mouth 
of  the  Pine,  apparently  conforms  with  the  underlying  hornblende  schist,  into  which 
it  gives  off  dykes.*  At  the  few  points  where  gneissic  structure  can  be  made  out,  it 
conforms  with  the  schist  To  this  rock  and  its  granite  and  gneissic  equivalents  in  the 
north  belt,  where  the  structure  is,  however,  more  complicated,  we  have  provisionally 
assigned  the  number  XX,  and  regarded  it  whatever  its  origin,  as  the  youngest  Huro- 
nian rock  in  the  region. 

In  the  Amer.  Jour.  Sd.,  Mar.,  1875, 1  conjectured  that  a  belt  of  granite,  syenite,  and 
hornblende  rocks,  mapped  by  Col.  Whittlesey,  and  dividing  the  iron  from  the  copper- 

>  Granite  djrket  are  rare  in  tlie  Menominee  Hnrcnlan,  and  have  never  been  obtenred  In  the  Mar- 
quette series. 


Digitized  by 


Google 


Digitized  by 


Google 


wTsro^rxnr  ge^ 


f^ym^mE      ^^ 


***»n 


11 


Or*^ 


^et. 


14 


Irift 


Sanri  Hauis   no  antrro,^^ 


PLAN    N?  I 

iH7y. 


T.39N.  R.29W. 


Stvit.€i      lyrifl 


-M'-r- 


T.38N.  R.2IE. 


21 


^nf, 


^^'^irir 


u-:»\ 


b    \^^ 


i^m^^^wmMS^am^Cm 


Digitized  by  V^OOy  It 


H 


''mICAJL  SUXVBir 


PLATEI 


'^Aa- 


2/0ic:The  ruunbers  cani^^d,  to  truttT'op* 
n/hr  to  MpecUnen*. 
Rtmtam.  numernbt  daiffntUe  h^dm. 


^i 


«* 


/ 


^ 


%. 


-^,1!:"*^-. 


<^'^. 


.^'T^rv-  l^kT-Mfinkiiry 


<f 


/ 


A 


Onlythoa^  rocket  which  out  crop  ott  wnctu- 
thcscriioti  air  hroti^htiathcvnnvcnUoncil 
.surface  iutc^and only  those  trhcrf  dips  n-rrc 
observed  arc  carried  lototrerlinr . 


TSl 


XT 


ROCK    SIGNS. 

Qtiartnitc  ^^^    CUiy  State  f^^H  Iron    Ort 

Qnurtz  Schist      ^j=§    (hi otitic  .Sc/ir.rt  1/  '.  ' l\  Gmui/f 

'JfarbU'  m    Orertislotiey  rvArH  Cnhxs 


Digitized  by  V^OOy  Ifc! 


Digitized  by 


Google 


LOCAL  DETAILS.  453 

bearing  series  of  the  Penokeo  range,  was  probably  the  equivalent  of  these  youngest 
Menominee  rocks.  Mr.  Irving  claims  to  have  proven  that  the  granites  are  eraptive, 
and  the  rocks  in  part  belong  to  the  Copper  series.  It  is  possible  that  some  of  our  rocks 
embraced  in  Bed  XX,  e.  g.,  those  in  Sees.  21,  22,  28,  29,  of  T.  42  N.,  R.  31  W.,  Mich., 
may  also  be  Eeweenawan,  bat  I  see  no  good  reason  to  think  so.  It  is  quite  possible  that 
the  granite  may  be  eraptive,  and  theconformability  above  noted  the  result  of  an  overflow 
and  local,  which  possibility  should  prevent  us  from  attaching  too  much  importance  to 
the  presence  of  the  granite  in  determining  the  sequence  of  the  series.  The  porphyrite 
mentioned  in  Chap.  Ill  as  having  been  found  at  Peminee  Falls,  may  probably  be 
embraced  in  this  bed. 

No  younger  Huronian  rock  than  the  staurolitic  mica  schist  (Bed  XIX)  was  made  out 
in  the  Huronian  of  the  Marquette  region,  but  it  is  very  probable  that  the  "  granite  "  S. 
W.  of  Michigamme  lake  may  be  equivalent  to  our  Menominee  Bed  XX. 

a.  Bed  XIX.  In  Sec.  32,  T.  38,  E.  21  E.,  two  miles  S.  W.  of  Star- 
geon  Falls,  there  are  numerous  outcrops,  not  shown  on  Plate  I,  of 
dark-green,  fine  to  coarse-grained,  massive  homhUndic  schiaty  having 
in  places  the  character  of  a  greenstone  [2261].  About  two  miles  far- 
ther S.  W.,  on  Sees.  1  and  12,  T.  37,  K.  21  E.,  Wis.,  are  related  ob- 
scure  hornblendic  rocks,  apparently  greenstones  [24:75  to  2178].  One 
variety  was  designated  by  Mr.  Julien  a  tremolUe  schist  [2480]. 

Distribution  and  general  character  of  this  bed.  The  youngest  bed  clearly  made 
out  in  the  Marquette  region  *  is  a  mica  schist  (61),  often  containing  staurolite  and  anda- 
lusite,  and  occasionally  garnets,  which  we  numbered  XIX.  Finding  an  identical  rock 
at  one  intermediate  locality,  and  on  the  Lower  Michigamme  and  Paint  (that  is  to  say, 
in  the  north  part  of  the  Menominee  region),  occupying  about  the  same  stratigraphical 
position,  I  have  given  it  the  same  numericol  designation.  Where  this  bed  is  exposed 
at  Long  and  Cedar  Portages,  on  the  Michigamme  and  on  the  Lower  Paint,  it  is  decid- 
edly more  gneissic  in  character  than  its  equivalent  in  the  Marquette  region.  No  exact 
Uthological  equivalent  of  this  rock  has  been  found  south  of  the  Menominee,  either  on 
the  Sturgeon  or  Quinnesec  sections,  but  in  its  place,  it  is  believed,  is  a  hornblende  schist, 
which  becomes  more  micaceous  and  gneissic  as  it  is  followed  west-northwest  To  the 
eastward,  near  the  section  we  are  describing,  it  partakes  more  of  the  nature  of  a  green- 
stone. An  almost  exact  equivalent  of  this  southern  hornblende-schist  range  is,  how- 
ever, found  in  a  broad  east  and  west  belt  through  the  southern  portion  of  T.  42  N.,  R. 
28  and  29  W.,  Mich.,  where  it  contains  beds  of  gneiss  and  dykes  of  granite  which  usu- 
ally characterize  it 

Covered,  so  far  as  known,  about  4,000  feet. 

}.  In  center  and  north  half  of  Sec.  28,  T.  38,  R.  21  E.,  are  outcrops 
of  a  rock  having  the  physical  character  of  obscure  aphanitic  green- 
stone.  The  specimens  have  most  resemblance  to  those  which  have 
been  classified  as  chlorite  and  hornblende  schists  and  diabase  [2260, 
2262]. 

Along  the  Menominee  river  between  the  Badwater  Indian  village  and  the  mouth  of 
the  Michigamme,  is  a  chloritic  quartzose  schist,  perhaps  in  places  micaceous,  varying 
from  a  soft,  dull-green  schist  to  a  massive  quartzite.    The  observed  facts  as  to  strike, 

iMlch.  Qool.  Rep.,  1878,  Vol.  I, 
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dip  and  lithological  character  of  this  work,  suggest  the  hypothesis  of  Coldiiig,  shown 
on  the  atlas  map  of  the  Menominee  region.  An  nnctnoos-feeling  qoarts  schist  was 
foond  on  the  opposite  side  ci  the  great  anticlinal  along  the  Pine  riyer. 

This  bed  is  designated  No.  XVllI,  but  no  eqoiyalent  for  it  has  been  made  oat  on  the 
Storgeon  river  section.  At  the  head  ol  the  Big  Qoinnesec  Falls,  a  mass  of  gabbio, 
periiaps  emptiye,  is  in  <m:  near  this  horizon. 

Covered  about  500  feet 

c.  Bed  XTn  I.  In  the  right  bank  of  the  Menominee  river,  below 
the  Sturgeon  Falls  basin,  is  an  outcrop  of  a  peculiar,  unctuous-feeling 
feldspathic,  schistose  rock,  provisionally  called  red  gneissic  protogiru^ 
but  which  Dr.  TVichmann  determined  to  be  sericUe  gneiss  (147). 

A  related  rock  occnrs  at  the  falls  of  Stmrgeon  river  (102),  in  bed  I.  A  similar  rock  is 
associated  with  granite  in  Sec  13,  T.  42,  R.  30  W..  Mich.  [1743  to  1751  j.  Pumpelly 
and  Credner  saw  the  same  rock  in  the  N.  part  of  T.  42,  R.  28  and  29  W.,  Mich.,  and 
the  latter  regarded  it  as  of  Laorentian  age,  to  which  system  its  lithological  character 
inclines.  I  consider  it,  however,  on  stractoral  groonds,  to  be  of  Horonian  age  in  all 
these  localities,  as  it  certainly  is  on  this  section. 

A  somewhat  similar  rock  occurs  in  the  Laorentian  (?)  of  the  Marqaette  region.  Sec. 
16,  T.  49  N.,  R.  33  W.,  described  by  Mr.  JoHen,  pp.  153,  154,  Vol.  U,  Mich.  GeoL 
Rep.  [1398, 1400, 1402,  1456]. 

Along  the  north  side  of  the  apper  portion  of  the  Big  Qoinnesec  rapids,  and  in  a  broad 
east  and  west  belt  throngfa  Sec  24,  T.  39  N.,  R.  17  £.,  Wis.,  are  conspicaoos  outcrops 
of  a  well  characterized  gray  gneiss,  which  nndoubtedly  belongs  to  the  same  horizon, 
nmnbered  XYII.  Whether  outcrop  (c)  of  this  section,  which  differs  considerably  in 
lithological  character,  is  precisely  the  same  age,  is  not  asserted;  but  it  is  near  it 

Along  the  upper  Menominee,  neither  variety  has  been  seen  in  corresponding  strati- 
graphical  position;  but  apparently  occupying  the  same  place  are  important  beds  of 
greenstone. 

d.  Dr.  Credner  describes  the  rock  exposed  on  the  E.  half  of  Sec  35, 
T.  39,  R.  29  W.,  Michigan,  as  a  series  of  grayish-green,  quartzitic, 
talcose  slates^  extending  to  a  width  of  quarter  of  a  mile.  Segrega- 
tions and  flat  lenticular  masses  of  white  quartz,  red  lanmonite,  light- 
red  and  white  orthoclase,  with  cubes  of  iron  pyrites,  are  frequently 
intercalated  between  the  slates.  He  regarded  it  as  a  variety  of  the 
gneissic  protogine  c. 

e.  Bed  XYI.  Light-gray,  medium  grained,  massive  greenstone. 
Nearly  in  the  strike  of  d  but  more  like  f  in  character. 

Covered  about  1,200  feet 

f.  A  massive,  coarse-grained,  light  greenish-gray  diorite,  similar 
to  A  [2268],  forms  the  foot  of  the  rapids,  bounding  the  Sturgeon  Falls 
basin  on  the  up-stream  side.  A  schistose  layer  was  observed  in  this 
bed  on  the  west  side  of  the  river.  From  this  point  the  rocks  are  con- 
tinuous to  the  head  of  the  fall. 

g.  Light  greenish- gray  chloritic  schisty  having  somewhat  of  a  talcy 
character,  and  splitting  into  quite  regular  rhombohedral  prisms,  the 
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planes  of  which  bear  N.  60'  W.  (general  direction  of  bedding  planes) 
and  E..W.  The  axes  of  these  prisms  dip  south  about  4o\  which  is 
the  probable  dip  ot  the  bedding  planes.  In  one  place  the  structure 
was  almost  slaty.  A.  less  schistose  variety,  containing  what  seems  to 
be  reddish  decomposed  feldspar,  has  somewhat  the  character  of  a 
gneiss.  The  soft  character  of  this  schist  has  permitted  the  widening 
of  the  river  at  this  point,  which  is,  however,  abruptly  narrowed  above 
and  below  by  the  more  resisting  greenstones.  Specimens  [2269, 
2270]  of  this  rock  have  been  named,  "talcose  schist,"  "clay  slate," 
"phyllite,"  " chloro-quartzose  schist,"  and  "decomposed  gneiss." 

A.  The  barrier  rock  at  Sturgeon  Falls  is  a  rare  variety  of  green- 
stonej  being  light  greenish-gray  in  color,  medium  to  coarse-grained, 
massive  and  jointed,  and  made  up  essentially  of  a  green  amphibole 
mineral  and  a  whitish  compact  feldspar,  giving  the  fresh  fracture  a 
porphyritic  or  mottled  appearance  [2268].  Mr.  Rutley  determined 
another  specimen  from  the  same  locality  to  be,  probably,  gabbro  (69), 
and  Herr  Wapler  pronounced  still  another  to  closely  resemble  the 
typical  German  gabbros  in  physical  characters. 

Near  the  N.  W.  comer  of  Sec.  21,  T.  38,  R.  21,  the  same  rock  appears  in  the  south 
shore  of  the  river  [2098].  On  the  west  side  of  the  river,  and  near  the  middle  of  this  bed, 
is  a  schistose  layer  which  was  not  examined.  Except  alon^  this  portion  of  the  Menom* 
inee,  I  have  not  observed  gabbro  (or  gabbro-like  greenstone)  in  the  Huronian,  south  of 
Lake  Superior.  Mr.  Irving  finds  it  in  the  lower  portion  of  the  Eeweenawan  series  of 
the  Bad  river  region.  Besides  the  great  lithological  interest  attached  to  this  rock,  it  is 
the  heaviest  bed  of  greenstone  observed  in  the  Menominee  region,  and  has,  in  conse- 
quence, much  influence  on  the  topography,  forming  the  barrier  rock  at  the  Big  Quin- 
nesec  and  probably  at  the  Little  Quinnesec  falls,  as  well  as  the  striking  perpendicular 
wall  on  the  left  bank  of  the  river  above  Sand  Portage.  In  the  Pine  river  district.  Wis., 
an  actinohte  schist  appears  to  be  the  equivalent  of  this  bed,  and  has  been  numbered 
XVI.  At  the  Lower  Twin  falls  certain  chloritic  rocks  seem  to  belong  here,  which  har- 
monizes with  the  Sturgeon  falls  rocks  if  we  regard  the  gabbro  as  local. 

i.  On  the  right  bank  of  the  river,  at  the  head  of  the  falls  and  un- 
derlying the  greenstone  bed  A,  or  else  forming  its  lowest  portion, 
are  several  thin  beds  of  chloritic  and  greenstone  (?)  schist^  which  were 
not  examined,  as  they  did  not  appear  on  the  left  bank,  where  the 
studies  were  chiefly  made.  They  possess  interest  in  connection  with 
the  puzzling  fact  that  where  Bed  XVI  crosses  the  river  at  the  Little 
Quinnesec,  the  whole  formation  partakes  more  or  less  of  this  schistose 
character. 

j,  A  dark  green,  fine-grained  massive,  rock,  having  decided  affini- 
ties with  the  greenstones,  from  which  it  may  be  altered,  in  places, 
into  a  chloritic  variety.  There  are  indications  that  this  rock  passes, 
by  almost  insensible  gradations,  into: 
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k.  Gray-green,  massive,  jointed,  porphyritic,  gabiro-liks  green* 
stonSy  similar  to  A,  and  regarded  as  belonging  to  the  same  bed,  XVI 
[2266].  It  contains  semi-schistose  layers,  which  strike  N.  70*  W., 
and  dip  45  •  southerly. 

l.  An  unctnous-feeling  schist,  with  chlorite  in  joints,  similar  to  p. 
With  it  occurs  a  massive  greenstone  resembling  n.  The  vertical 
schistose  planes  strike  N.  70*  W.  This  outcrop  is  believed  to  belong 
to  Bed  XV. 

m.  An  unctuous-feeling  inagnesian  schist^  resembling  jp,  but  more 
fissile  and  less  contorted.  Schist  planes,  supposed  to  be  bedding,  strike 
northwesterly  and  dip  S.  W.  55*.  This  rock  contains  considerable 
magnetite,  which  is  interesting  in  connection  with  the  fact  that  its 
supposed  equivalent  in  the  Pine  River  series  (XV)  also  contains  iron. 
See  Plate  V.  About  800  steps  S.  E.  are  outcrops,  apparently  belong- 
ing to  beds  m  and  n,  although  the  greenstone  is  coarser  grained. 

n.  Underlying  m,  and  in  contact  with  it,  is  a  gray  green,  medium- 
grained  greenatoncy  with  minute  veins  of  reddish  feldspar,  and  con- 
taining some  calcite  [2265]. 

o.  Like^,  but  less  schistose.  The  strike  and  dip  of  the  splitting 
planes  are  very  irregular  at  both  outcrops,  but  a  southwesterly  dip 
prevails,  making  the  strike  parallel  with  the  trend  of  the  river  at  this 
point,  the  bed  of  which  is  undoubtedly  excavated  in  these  soft  schists. 
p.  Two  hundred  and  fifty  steps  below  the  mouth  of  the  Sturgeon 
river,  and  on  the  left  bank  of  the  Menominee,  occurs  the  most  north- 
erly exposure  of  the  Sturgeon  Falls  series,  an  unctuous-feeling  schiat, 
varying  from  light-gray  to  dark-green,  and  presenting  a  contorted  or 
warped  schistose  structure  which  Dr.  Wichmann  calls  serpentine 
[2263].  Associated  with  this  rock,  in  a  vein-like  mass,  is  a  fine- 
grained, green,  magnesian  schist,  which  differs  from  the  containing 
rock  in  not  being  foliaceous  and  apparently  more  chlori tic.  Dr.  Wich- 
mann pronounced  a  specimen  indeterminable  [2264].  I  surmise 
this  may  be  a  dyke  filled  by  material  from  the  adjacent  rock,  when  in 
a  semi-plastic  state,  therefore  perhaps  identical  in  composition,  and 
differing  only  in  being  more  crystalline. 

q.  About  one  mile  southeasterly  from  p,  and  near  the  center  of 
Sec.  26,  T.  89,  R.  29  W.,  Mich.,  on  top  of  a  hill,  is  an  outcrop  of  an 
argUlaoeovs  rock,  in  places  quite  siliceous,  which  contains  considera- 
ble iron,  but  does  not  promise  to  be  workable  so  far  as  could  be  seen 
[2272,  3216  to  3220],  At  one  point  the  dip  needle  was  deflected  90*. 
This  rock  has  considerable  resemblance  to  the  Keyes  &  Fisher  fer- 
ruginous  slate  on  Sec.  20,  T.  40  K,  R.  18  E.,  Wis.,  as  also  to  that  on 
Sec  12,  T.  40,  R  17  E.,  and  probably  belongs  to  the  same  bed,  XV. 
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The  same  bed  lias  been  recognized  at  several  points  in  Wisconsin,  and 
everywhere  contains  iron,  bat,  so  far  as  seen,  only  in  sraall  quantities. 
No  exploration  has  been  made  on  this  stratum  so  far  as  I  know.  Since 
the  above  was  written,  in  the  winter  of  1874-75,  the  Commonwealth 
mine  has  been  opened  in  this  bed,  and  its  character  as  bearing  valu- 
able ores  fuUj  established. 

This  completes  the  enumeration  of  the  rock  outcrops  seen  at,  or  in 
vicinity  of.  Sturgeon  Falls.  Omitting  the  first  described  outcrops, 
(a  and  l)^  about  which  comparatively  little  is  known,  and  which  may 
belong  to  the  same  bed,  although  a  agrees  in  lithological  character 
with  XIX,  we  have  here  a  thickness  of  about  5000  feet,  embracing 

beds  XV  to  XVII,  both  inclusive. 

f 

This  interesting  Sioigeon  Falls  series  was  first  stadied  in  1874,  and  had  time  per- 
mittedf  woald  have  been  reSxaroined  in  order  to  have  instituted  more  valuable  com- 
parisons with  the  rocks  further  west. 

Between  the  Sturgeon  FaUs  series  and  the  Vulcan  Mine  series,  to  be  described  betow* 
Lb  a  low,  sandy  plain  with  occasional  hills,  and  farther  west,  sand  terraces,  in  which 
there  are  very  few  exposures  of  rock  and  no  magnetic  attractions.  This  broad,  barren 
belt,  trends  parallel  with  the  general  strike,  W.  N.  W.,  maintaining  the  same  general 
character  to  Lake  Eliza,  Wisconsin. 

It  is  undoubtedly  underlaid  by  some  soft,  easOy  eroded,  little  known  schists,  which 
rarely  outcrop,  and  for  which  I  have  left  the  numbers  XIV  to  X.  Again  it  is  possible 
that  the  whole  of  this  concealed  belt  may  be  underlaid  by  beds  YII  to  IX,  due  to  pfica- 
tions  such  as  can  be  seen  south  of  Lake  Hanbuiy. 

The  great  quartzite  and  conglomerate  schist  bad,  XIV,  which  is  the  most  conspocn- 
ons  rock  in  the  Pine  River  district  (fully  described  below),  entirely  disappears  bng 
before  reaching  this  point    We  leave  its  number,  but  have  no  rock  to  represent  iL 

At  the  Four  Foot  Falls  are  certain  chloritic  schists  and  clay  slates,  beUeved  to  belong 
to  the  Middle  Huronian,  and  to  be  the  best  representatives  of  these  beds,  about  which 
little  is  known  and  which  may  not  exist  as  distinct  formations,  the  series,  as  may 
already  be  inferred,  being  nowhere  complete.  A  peculiar  tremolitic  limestone  bed  occur- 
ring in  the  north  belt  of  the  Sturgeon  district,  is  believed  to  be  the  equivalent  of  oneef 
the  unknown  series.  I  would  again  remark  that  our  stratigraphical  numbers  eiiployed 
broadly  are  provisional,  and  may  express  my  present  hypotheds  of  equivalen<7.  While 
a  few  leading  beds  can  be  readily  traced  by  thdr  mineral  composition,  many  of  the 
intermediate  ones  cannot  be,  as  I  have  practically  ascertained  at  great  cost  bnd  lorrow. 

On  the  Sturgeon  river  are  three  outcrops,  respectively,  on  Sees.  23, 
24,  and  13,  T.  39,  R  29  W.,  Mich. 

r.  Clay  slats,  with  verj  perfect  cleavage,  the  vertical  planes  of 
which  strike  N.  75*  "W.  Bedding  obscure,  but  is  believed  to  be  in- 
dicated by  certain  joint-like  planes  which  form  a  high  angle  with  the 
cleavage  planes. 

8.  Greyish-green,  medium-grained  greetistone,  holding  veins  of 
quartz.  The  surface  shows  glacial  groovings,  bearing  N.  80*  V., 
which  is  parallel  with  the  leading  stratigraphical  and  topograpitel 
features  of  the  district 


Digitized  by 


Google 


45S 


GEOLOGY  OF  THE  MENOMINEE  IRON  REGION. 


t.  Similar  to  r,  the  cleavage  planes  of  the  two  outcrops  being  ap- 
proximately parallel.  The  same  obscure  appearance  of  bedding  planes 
before  mentioned  can  be  here  observed.  They  appear  to  strike  N. 
W.  and  dip  N.  E.,  which  is  quite  probable  taken  in  connection  with 
the  Lake  Hanbury  synclinal  now  to  be  described,  and  of  which  this 
outcrop  may  be  supposed  to  represent  the  south  upturned  edge 
[2282]. 

The  observations  of  the  rocks  at  Lake  Hanbury  began  about  500 
steps  south  of  the  lake,  and  on  the  north  edge  of  the  great  sand  plain 
already  mentioned,  which  is  here  terminated  by  an  abrupt  ledge  of 
slate  and  quartzose  rocks.  The  geological  section  B — B,  Plate  I, 
nearly  follows  the  line  between  Sees.  15  and  16,  T.  39,  R.  29  W., 
Michigan. 

t.  Bluish-black,  possibly  chloritic  clay  slate,  which  is  regarded  as 
the  equivalent  of  t  already  described.  Cleavage  planes,  more  or  less 
perfect;  dip  SC  S.  S.  W.;  bedding  planes  are  tolerably  distinct,  and 
in  places  contorted,  and  marked  by  striping  at  various  points  along 
the  ridge  for  a  distance  of  say  500  feet,  the  dip  being  from  40°  to  80° 
to  the  N.  N.  W.  See  remarks  on  cleavage  in  Chapter  III,  under 
day  Slate. 

Fio.  L 
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'   Glaj-rtata,  with  clMTtge  plA&es  dipping  at  hls;h  angle  to  aonth,  and  bedding  pTanea  to  north 
aff«rtald  cboformaUy  by  qnartalto,  holding  nameroni  minute  qaarU  relna  perpendicalar  to  ■trail- 
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u.  Gray  aud,  on  splitting  planes,  brownish-graj,  arenaceous  qicartz- 
Ue.  It  contains  namerous  small  (one-eighth  to  two  inches  thick) 
veins  and  banches  of  white  quartz,  which  have  a  direction  perpen- 
dicular to  the  bedding  planes  [2259].  Dr.  Wichmann  calls  this  rook 
a  sandstone.  The  quartzite,  conforming  with  the  undcrljing  clay- 
slate  {t\  dips  N.  N.  W.  at  an  angle  of  40*  to  50\ 

The  junction  of  clay-slate  and  quartzite  can  be  observed  near  the 
line  between  Sees.  15  and  16,  and  about  500  steps  south  of  the  lake. 
The  veins  of  white  quartz  in  the  quartzite  were  here  very  fine,  and 
acutely  reticulated,  but  the  direction,  perpendicular  to  the  bedding, 
is  preserved.  This  fact,  which  I  have  not  noted  elsewhere,  has  interest 
in  connection  with  the  origin  of  these  minute  quartz  veins.  About 
one-half  mile  easterly,  I  observed  a  junction  of  the  clay-slate  and 
quartzite,  with  northerly  dip.  Purapelly  and  Creduer  mark  "  clay- 
slate  and  quartzite,  strike  N.  72*  W.,"  on  the  N.  E.  qr.  of  Sec.  17,  or 
1 J  miles  westerly  from  this  point,  and  undoubtedly  the  same  bed. 

V.  The  crest  of  the  north  lobe  of  the  ridge  is  formed  of  a  bluish- 
gray,  arenaceous  quartzUcy  holding  considerable  calcite;  also  contain- 
ing the  numerous  minute  irregular  projecting  veins  of  white  quartz. 
The  surface  of  the  Huronian  marbles  is  often  finely  ridged  by  pro- 
jecting quartz  seams,  presenting  an  appearance  not  unlike  the  above, 
except  as  to  reticulations;  an  important  difference  being,  however, 
that  in  the  marble  the  quartz  seams  are  always  parallel  with  the  bed- 
ding planes. 

w.    Light  gray,  glassy  variety,  like  x. 

X,  On  north  face  of  a  small  rise  of  ground  is  a  bluish-gray  qiiartz- 
iUj  the  brown,  friable  weather  coating  being  in  this  instance  one  inch 
deep  [2257].    See  Wichmann's  chapter,  §  176. 

y.  About  35  steps  south  of  the  crest  of  the  ridge  is  a  qicartzUe  sim- 
ilar to  aaj  but  less  affected  by  the  weather.  It  may  be  the  south  outcrop 
of  the  synclinal  of  which  oa  is  the  north  outcrop.  It  contains  numer- 
ous scales  of  a  chloritic-looking  mineml.  The  banded  and  reticulated 
surface  due  to  quartz  veins,  already  described,  is  here  present  [2256]. 

s.  In  the  crest  of  the  ridge,  from  which  an  extended  prospect, 
especially  to  the  south,  may  be  had,  a  clay-slate  like  dd  was  found. 
The  vertical  cleavage  planes  are  very  strong  and  strike  N.  85"  W.  by  dial. 

aa.  Next  north  comes  an  apparently  thin  bed  (say  ten  steps)  of 
gray  arenaceous  qiiartzite,  vrith  a  thick  weathering  coat,  in  places  one- 
half  inch,  much  resembling  that  already  mentioned  as  covering  the 
clay-slate  dd.  Scales  of  what  appears  to  be  chlorite  can  be  seen,  in 
the  decomposed  outer  portions.  Adjoining  the  above  was  a  variety 
holding  bunches  and  seams  of  white  glassy  quartz. 
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hh.  One  half  way  up  the  ridge  on  the  north  face,  is  a  small  expos- 
ure of  clay-aldte^  identicjU  with  dd.  Cleavage  as  before,  bedding 
contorted,  averaging  nearly  horizontal. 

cc.  At  about  265  steps  south  of  the  lake,  being  at  foot  of  the  north 
slope  of  the  main  E.  W.  ridge,  is  an  outcrop  of  a  dark  greenish-gray, 
faintly  banded,  soft  schist,  apparently  ehloritic,  the  nearly  vertical 
schistose  planes  of  which  strike  E.  W.,  i,  e.y  parallel  with  the  clay 
slate  [2254]. 

In  another  variety  whitish  grains  took  the  place  of  the  whitish  soft 
bands,  and  was  more  slaty  in  structure,  and  although  having  many  of 
the  physical  characters  of  ehloritic  schist,  was  determined  by  Dr. 
Wichmann  to  be  a  mica  schist  [2254]. 

About  700  steps  westerly  is  an  outcrop  of  a  similar  schist,  but  hold- 
ing the  white  grains  in  still  greater  abundance  [2255]. 

About  200  steps  northeasterly  is  a  high  bluff  overlooking  the  lake, 
composed  gf  clay  slate  similar  to  the  above,  and  believed  to  be  the 
same  bed;  for  although  the  bedding  is  likewise  much  plicated,  yet  the 
prevailing  direction  was  S.  W.,  which  would  carry  it  to  outcrop  oc. 
The  dip  of  this  slate,  although  very  irregular,  was  in  the  main  plainly 
to  the  west,  i.  e.j  towards  and  possibly  under  the  greenstone  ee. 

dd.  Two  hundred  and  twenty  steps  south  of  the  lake  is  a  small 
knoll  of  dark  colored  clay-slate^  with  imperfect  cleavage,  the  vertical 
planes  of  which  strike  E.  to  W.  The  bedding  planes,  as  indicated  by 
faint  striping  and  banding,  are  much  plicated  and  folded,  dipping  in 
all  directions  and  at  various,  but  usually  low,  angles.  The  following 
dips  were  observed:  South  50'  and  25*;  east  20';  horizontal;  west, 
and  again  so  plicated  as  to  make  it  impossible  to  decide  the  angle. 
Iron  pyrites  occasionally  occurred.  Veins  of  quartz,  some  conform- 
ing with  the  cleavage  planes,  and  others  not,  were  observed,  one  of 
which  was  2}^  inches  thick.  A  brown,  iron-stained  weather-coating, 
in  places  one- half  inch  thick,  was  common. 

ee.  Eighty-five  steps  south  of  the  lake,  and  west  of  the  line  be- 
tween Sees.  15  and  16,  is  a  large  exposure  of  a  gray-green,  fine- 
grained, massive,  jointed,  highly  crystalline  greenstone^  in  places 
semi-schistose.    No  bedding  planes  could  be  found.   ' 

About  one-third  of  a  mile  east  of  this  section  are  large  exposures 
of  the  same  series  of  rocks  (excepting  the  greenstones),  which  are 
described  above.  On  the  crest  of  the  ridge,  about  200  steps  south  of 
the  lake  at  this  locality,  is  to  be  seen  (1)  a  small  outcrop  of  the  soft, 
green  schistose  rock  (chlor'tic  ?),  described  under  co.  In  its  western 
extension  this  bed  becomes  heavier  and  nearly  excludes  the  accom- 
panying rocks.     (2)    Clay-slate.     (3)   Bluish-gray  quartzitey  with 
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vitreous  grains.  (4)  Clay -slate  with  contorted  bedding;  prevailing 
dip  S.  E.  (5)  Like  (1).  (6)  Light-gray,  massive  qtmrtzite^  near  lake. 
Near  the  center  of  the  N.  half  of  Sec.  8,  being  IJ  miles  west  of 
the  line  of  our  section,  and  on  the  north  edge  of  the  low  ground,  is  a 
low,  rounded  knob  of  clay  slate  with  vertical  E.  to  "W.  cleavage  and 
obscure  bedding.  It  is  in  all  probability  the  western  extension  of 
the  clay-slates  described  above. 

jy.  Eegarding  the  next  member  of  the  series,  we  have  but  little 
light  It  is  a  soft,  hence  easily  eroded,  unctuous-feeling,  argillaceous 
schisty  and  has  been  seen  (1)  as  day-slate  by  Prof.  Pumpelly  in  the 
N.  E.  corner  of  Sec.  15;  (2)  Dr.  Credner  found,  while  exploring  for 
the  Portage  Lake  Ship  Canal  Co.,  on  Sec  11,  south  of  the  iron  ore 
series,  "  fifty  feet  of  ferruginous  clay-slates,  of  light  reddish  color," 
and  a  similar  rock  in  corresponding  position  in  other  places  [1623]; 
(3)  the  explorations  of  the  Milwaukee  Iron  Co.,  on  Sec.  10,  revealed  a 
bed  of  soft,  reddish-brown,  unctuous-feeling  schist  or  shale,  with  irreg- 
ular thin  seams  of  a  white  mineral.  A  very  similar  rock  was  observed, 
in  a  corresponding  geological  position,  near  the  N.  quarter  post  of  Sec. 
36,  T.  40,  R  31  W.,  which  Dr.  Wichmann  calls  sericite  schist  [2077]. 
No  outcrops  occur  on  the  N.,  W.  or  E.  shores  of  Lake  Hanbury,  nor 
in  the  valley  in  which  the  lake  is  situated,  which  can  be  traced  sev- 
eral miles  W.  N.  W.  and  E.  S.  E.  It  is  undoubtedly  occupied  by  soft 
slates,  like  those  just  described,  and  it  may  quite  probably  be  the  up- 
turned edges  of  the  same  series.  Observations  made  four  years  later, 
point  toward  the  possibility  of  this  valley  being  occupied  by  a  hydro- 
micaceous  schist  like  jf.  These  several  exposures  of  rock  are  believed 
to  belong  to  the  same  horizon  of  unctuous-feeling,  argillitic  schists 
(No.  VII),  varying,  probably,  from  a  true  sericite-schist  through  argil- 
laceous varieties  to  clay-slate  [2942  to  2945].  Since  the  above  was 
written,  the  R.  R.  cuts  at  the  Vulcan  and  the  extensive  explorations 
of  Mr.  Davis  on  the  S.  half  of  Sec.  31,  T.  40,  R  30,  have  placed  beyond 
all  question  the  existence  of  a  heavy  bed  of  this  rock,  which  is  No. , 
VII,  and  directly  overlies  the  iron  series. 

gg.  We  now  arrive,  in  descending  order,  at  the  great  iron-ore 
horizon  (Bed  VI)  of  the  Huroniau  series,  as  developed  in  the  Menom- 
inee region,  which  possesses  more  economic  importance  and  not  less 
scientific  interest  than  any  other  bed.  It  is  topographically  conspic- 
uous, forming,  as  it  often  does,  a  comparatively  high  ridge,  having, 
of  course,  the  same  trend  as  the  ore  stratum,  N.  72*  W. 

The  elevation  is  sometimes  considerably  increased  by  a  cover- 
ing of  horizontal  Silurian  sandstone,  which  often  caps  the  ridge,  as 
is  the  case  on  the  section  under  consideration,  and  which  is  much  in 
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the  way  of  the  miner  and  explorer.  This  ore  range  has  another 
fortunate  character  to  which  not  enough  attention  has  been  paid,  to 
wit,  its  magnetism. 

Although  the  ore  is  almost  entirely  specular  (red)  and  limonite 
(brown),  yet  there  is  usually  enough  of  the  magnetic  (black)  oxide 
intermixed  to  cause  deviations  in  the  needle,  thus  enabling  the  pros- 
pector to  approximately  mark  its  position  with  little  cost  in  places 
where  it  would  be  otherwise  exceedingly  difficult  and  expensive. 

This  iron  ore  horizon  having  been  somewhat  fully  described  by  me 
under  South  Iron  Belt,  Michigan  Geological  Survey,  Vol.  I,  pp.  168 
to  180,  need  not  be  further  noticed  here,  than  to  add  a  very  interest- 
ing and  detailed  section,  showing  the  internal  structure  of  the  ore 
mass,  made  by  Dr.  Credner  for  the  Portage  Lake  Canal  Co.,  on  Sec. 
11,  T.  39,  R  29  W. 

A  part  of  the  iron  series  exposed  by  open  trenches  is  from  south  to 
north  as  follows: 

6    feet  clayish  red  iron  ore. 
13      "   clayish  soft  red  iron  ore. 
47      "  femiginons  clay-slates,  soft,  blood-red. 
29      *'  poor  quartzose  ores,  with  narrow  streaks  of  rich  ore. 
U     '*   quartzose  ores,  a  little  richer  than  the  last,  frequently  with  bands  of  good  ore, 

especially  in  the  northernmost  four  feet. 
6     '*  fine  grained,  steel-gray  iron  ore,  supposed  to  be  rich;  in  naixow  streaks  a  little 

jaspery. 
10      **   same;  a  little  more  siliceous. 

5  "  iron  ore,  supposed  to  be  rich. 

3  inches  quartzite  ore. 

8    feet  iron  ore,  supposed  to  b3  very  rich. 

l)i  '*  middling  ore. 

l}4  **  rich  ore. 

6>^  "  poor  quartzose  banded  ore. 

b}4  **  iron  ore,  supposed  to  be  very  rich. 

1^  "  banded  siliceous  ore. 

4  "  banded  rich  and  siliceous  ore. 
47      "  siUceous  iron  ore. 

12      "   dark-red  ferruginous  day-slates. 

Outcrop  of  33  paces  showing  ferruginous  day  slates, 
50      "  ferruginous  clay-slates  of  light  reddish  color. 
20    paces  poor  ferruginous  day-slates,  and  very  poor  siliceous  ore. 
26    feet  siliceous  iron  ore  of  poor  quality. 

6  **   iron  ore,  supposed  to  be  very  rich. 
6K  *'  siliceous  ore. 

28}^  *'  good  fine-grained  steel-gray  iron  ore,  here  and  there  with  a  narrow  streak  ol 
siliceous  ore,  but  in  such  a  small  proportion  as  not  to  spoil  the  good  quality 
of  the  whole.    The  whole  series  gives  a  dark  red  streak. 

5  ''   poor  s'dioeous  ore,  banded  with  better  ore. 

23      "   fine-grained,  steel-gray,  iron  ore;  shipping  ores  prevaiL 
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15    feet  jaspery  banded  ore,  consisting  of  layers  of  poor  siliceous  and  rich  steel-gray  ore. 

5  "   fine-grained,  steel-gray  ore,  in  streaks  a  little  siliceous. 

13  >"  jaspery  banded  ore. 

3  "  poor  siliceous  ore. 

14  "   altematinglayersof  slaty  rich  ore,  some  jaspary,  poor  and  siliceous  middling  ore. 

4  '*  poorer  class  of  banded  ores. 
2ii  **  slaty  ore,  supposed  to  be  good. 

9}4  "  alternating  layers  of  richer  and  poor  siliceous  ore,  the  former  prevailing. 

39  "  slaty  ore,  supposed  to  be  workable,  with  some  narrow  streaks  of  jaspery  ore. 

2  "  poorer  class  of  siliceous  ores. 

6  "  fine-grained  steel-gray  iron  ore,  very  rich  looking  and  very  hard,  therefore 

siliceous. 
19      "   turning  by  and  by  into  more  and  more  siliceous  and  poorer  ores. 
High  drift  and  Potsdam  sandstone. 
According  to  the  above  given  series  of  iron  strata,  S.  11,  T.  39,  R.  29,  contains  iron- 
strata  which  are  supposed  to  be  workable,  of  an  aggregate  thickness  of  139  feet. 

The  ores  regarded  by  Dr.  Credner  as  merchantable,  are  below  the 
present  standard  of  shipment,  but  this  does  not  detract  from  the 
interest  that  attaches  to  his  very  full  descriptions  of  the  alternation 
of  more  or  less  quartzose  and  argillaceous,  thick  and  thin,  ferrugi- 
nous layers.  It  is  a  typical  section  of  the  so-called  "flag  ores,"  which 
constitute  probably  more  than  90  per  cent,  of  the  material  of  this 
formation. 

On  the  same  range,  but  more  than  a  mile  west,  at  the  quarter-post 
between  Sees.  9  and  10,  where  the  Vulcan  mine  is  now  located,  I 
found,  in  the  summer  of  1872,  the  first  merchantable  ore  in  place,  so 
far  as  I  know,  seen  and  proven  in  the  south  range  of  the  Menominee 
region.    It  is  thus  described  in  Mich.  Geol.  Rep.,  Vol.  I,  p.  179: 

"At  the  quarter-post  between  Sees.  9  and  10,  north  of  Lake  Hanbury, 
are  to  be  seen  several  boulders  of  a  black,  porous,  earthy  ore,  resem- 
bling somewhat  varieties  of  the  Negaunee  manganiferous  hematites; 
the  same  ore  was  found  in  place  in  a  pit  near  by,  and  a  large  boulder 
of  it  near  the  center  of  S.  half  of  N.  W.  qr.  of  Sec.  6,  and  at  other 
points.  A  hand-specimen  gave  Mr.  Jenny  56.44  per  cent,  of  metallic 
iron,  less  than  16  per  cent,  of  insoluble  siliceous  matter,  and  nearly  1 
per  cent,  of  manganese.  It  is  unlike  the  Breeh  mine  hematite,  and, 
in  fact,  unlike  any  Lake  Superior  ore  I  have  seen.  It  is  not  improb- 
able that  workable  deposits  of  it  may  exist,  which,  being  soft,  would 
not  be  likely  to  produce  outcrops  or  boulders.  I  think  it  is  well 
worth  investigation." 

This  show  of  ore  has  since  been  thoroughly  prospected  by  Capt. 
Whitehead,  under  the  direction  of  Mr.  Hulst,  whose  explorations 
have  developed  a  lenticular  shaped  mass  conforming  with  the  bed- 
ding, having  a  maximum  thickness  of  75  feet,  and  apparently  wedg- 
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ing  out  toward  the  west,  where  in  one  pit  it  is  but  two  feet  thict 
Neither  its  eastern  nor  downward  extension  have  been  determined. 

A  strictly  average  sample,  obtained  bj  collecting  indiscriminately 
small  portions  from  all  parts  of  the  stock  pile,  analyzed  by  Mr.  R  T. 
Sweet,  under  direction  of  Prof.  W,  W.  Daniells,  of  the  Wisconsin 
State  University,  Madison,  gave  the  following  constituents:  Sesqui- 
oxide  of  iron,  84.98;  peroxide  of  iron,  1.17;  silicic  acid,  10.56; 
alumina,  1.43;  lime,  .62;  magnesia,  .28;  oxide  of  manganese,  .18; 
phosphoric  acid,  a  trace;  sulphur,  .07;  water,  1.22;  total,  100.51. 
Metallic  iron,  60.4.     Sp.  gr.  4.414. 

Associated  with  this  ore  are  several  interesting  rocks  [2985  to 
2989] 

On  these  facts,  we  are  warranted  in  saying  that  this  ore  is  first- 
class  as  to  quality,  although  not  identical  in  character  with  tho  high- 
grade  Marquette  ores;  and  that  there  is  a  large  workable  deposit  of 
it,  with  every  probability  of  more  being  found. 

The  above  was  written  in  1874,  since  which  time  extensive  develop- 
ments have  been  made  on  this  iron  range,  and  several  mines  are  now 
shipping  large  products  by  rail.  As  the  region  is  rapidly  developing 
through  mining  and  exploration  works,  it  is  not  worth  while  to 
attempt,  in  its  present  transition  state,  to  further  describe  its  geolog- 
ical structure,  than  to  say  that  the  ores  seem  to  have  the  same  origin 
as  the  soft  hematite  ores  of  the  Marquette  region,  which,  I  conceive, 
are  altered  forms  of  the  quartzose  ores,  the  siliceous  matter  having 
been  dissolved  out.  This  leaves  them  soft  and  porous,  more  or  less 
hydrous  oxides  in  the  Marquette  region;  but,  except  at  the  Breen  and 
Emmet  mines,  anhydrous  here,  so  far  as  developed.  This  supposed 
origin  produces  essentially  a  more  or  less  irregular,  pocket-like  form,  the 
ore  sometimes  giving  out  suddenly  in  the  direction  of  the  strike;  and,  on 
the  other  hand,  the  '^flag-ores  "  as  suddenly  passing  into  the  altered 
form.  It  seems  not  improbable  that  more  than  one  distinct  iron  bed 
may  be  found  in  this  horizon,  separated  by  some  quartzose,  argilla- 
ceous or  chloritic  schist.  The  ores  are  characterized  by  being  very 
low  in  phosphorus,  and  easily  reduced  on  account  of  their  porosity. 
Just  what  place  they  will  take  in  the  iron  trade  of  the  west,  it  is  not 
safe  yet  to  predict,  but  certainly  an  important  one. 

Although  not  belonging  to  this  part  of  the  subject,  it  may  be  inter- 
esting to  note  that  this  Breen-Quinncsec  iron  range,  constituting  bed 
VI,  has  not  been  seen  within  the  limits  of  ray  survey  on  the  Wiscon- 
sin side  of  the  Menominee  river,  although  it  undoubtedly  exists 
under  the  drift,  just  north  of  the  mouth  of  the  Pine  river,  where  its 
rapidly  diminishing  magnetism  enables  us  to  barely  follow  it  across 
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the  river.    See  general  atlas  map.    That  it  is  widely  distributed  at 
great  depth  under  the  Pine  river  district,  there  can  be  no  doubt. 

M.  Underlying  the  iron  horizon,  and  not  less  conspicuous,  is  the 
great  dolomUio  marble  bed  of  the  Menominee  region,  which  appears 
to  be  coextensive  with  the  iron,  one  being  seldom  seen  without  some 
indications  of  the  other.  On  the  south  side  of  Sec.  35,  T.  40,  R  30 
W.j  it  can  be  proven  by  measurement  that  this  stratum  has  a  mini- 
mum thickness  of  not  less  than  1000  feet,  making  it  one  of  the  thick- 
est beds  of  the  series,  and  excepting  one  comparatively  small  and  little 
known  bed  (X)  of  the  north  belt,  Sturgeon  river  district,  the  only  bed 
composed  essentially  of  crystalline  dolomite,  yet  made  out  in  the 
Huronian  —  one  may  say  in  the  Eozoic,  for  no  limestone  has  yet  been 
found  in  the  underlying  Laurentian  south  of  Lake  Superior,  or  in  the 
overlying  Copper  series.  It  is  true  that  the  lower  quartzite  (bed  V) 
of  the  Marquette  series  contains  considerable  lime  in  places,  but  it  is 
essentially  a  quartzite,  and  is  only  locally  or  probably  in  its  upper 
portion,  dolomitic,  as  it  is  in  other  places  argillaceous.  See  page  148, 
Vol.  1,  Mich.  Geol.  Rep.  This  subject  will  be  further  considered 
when  discussing  the  equivalency  of  the  Marquette  and  Menominee 
series. 

The  marble,  as  will  be  seen  on  Plate  I,  outcrops  in  N.  half  of  N. 
half  of  Sec  9,  and  in  N.  half  of  S.  half  of  Sec.  12,  T.  39,  R  29  W., 
as  well  as  in  N.  half  of  N.  half  of  Sec.  18,  T.  39,  R  28  W.  The 
observed  dips  were  from  25*  to  80*  to  south  —  the  former  being  the 
lowest  regular  dip  I  have  observed  (in  1874)  in  the  Menominee 
region,  and  occurs  in  the  S.  E.  qr.  of  Sec  12.  In  many  places  the  rock 
is  massive,  and  the  dip  cannot  be  made  out,  but  it  is  often  banded 
with  siliceous  layers,  which  are  made  to  project  on  exposed  surfaces 
from  the  effects  of  weathering.  These  are  usually  truq  seams  and 
mark  the  stratification,  otherwise  they  have  much  resemblance  to  the 
quartz  veins  in  the  quartzite  described  under  v.  The  marble  is  usu- 
ally compact,  fine-grained,  and  bluish,  purplish,  or  light  greenish- 
gray  (2068).    See  Mich.  Geol.  Report,  Vol.  I,  pp.  167  and  171. 

In  the  fall  of  1878,  four  years  after  the  above  was  written,  I  had 
an  opportunity  to  examine  a  quartzite  which  Prof.  Pnmpelly  imformed 
me  he  had  seen  in  the  N.  E.  qr.  of  the  N.  W.  qr.  of  Sec  9,  T.  39,  R  29, 
which  seemed  to  divide  the  iron  from  the  marble.  A  careful  study 
of  the  peculiar  jaspery  quartzite,  and  of  a  similar  one  immediately 
north  of  the  Norway  mine,  leads  me  to  regard  them  both  as  second- 
ary forms  of  the  Silurian  sandstone  [2965,  2966,  2971].  At  one 
place  I  found  angular  pebbles  of  Huronian  limestone  bedded  in  the 
jaspery  quartzite.  I  therefore  determined  to  omit  from  my  section  a 
Vol.  III. -30 
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partially  conjectured  bed  of  quartzite  and  clay  slate  which  I  had 
formerly  placed  here. 

We  have  now  arrived  at  the  valley  of  Pine  creek  (Michigan),  which 
forms  the  topographical  separation  between  the  marble  and  lower 
quartzite  to  be  described.  This  valley  shows  few  outcrops  and  has 
been  little  explored.  It  is  in  all  probability  mostly  underlaid  by  soft 
schistose,  easily  eroded,v  rocks. 

a.  That  a  ferruginous  bed  immediately  underlies  the  marble,  is 
rendered  almost  certain  by  the  magnetic  attractions,  amounting  in 
places  to  60*  of  the  dip  needle,  which  can  be  observed  on  the  north 
side  of  Pine  creek,  near  its  junction  with  the  Sturgeon.  Pumpelly 
and  Credner  saw  sharp  angular  boulders  of  iron  ore  about  one  mile 
further  west,  which,  in  all  probability,  came  from  the  same  bed.  The 
local  variations  of  the  compass  marked  on  U.  S.  plats  near  N.  qr. 
post.  Sec.  17,  T.  39,  R.  28  W.,  are  undoubtedly  due  to  the  same  cause, 
and  those  observed  also  by  the  federal  surveyors,  at  or  near  the  cor- 
ner of  Sees.  19,  20,  29,  30,  T.  40,  R.  29  W.,  point  toward  its  being 
continuous  to  the  N.  W, 

jj.  We  now  reach  the  great  qiuirtzite  of  the  Menominee  Huronian, 
which,  owing  to  its  hardness,  has  resisted  eroding  influences  to  that 
extent  that  it  presents  more  aggregate  length  of  outcrop  than  any 
other  formation,  and  its  character  is,  therefore,  well  known. 

It  is  well  exposed  on  the  Sturgeon  river,  where  its  most  southerly 
outcrop  is  on  the  S.  W.  qr.  of  the  N.  E.  qr.  of  Sec.  7,  T.  39,  R  28  W., 
where  it  is  purplish-gray,  fine-grained,  massive,  breaking  into  irreg- 
ular fragments,  with  occasional  fine  striping  which  probably  marks 
the  bedding.  One  mile  above  and  near  the  falls,  the  quartzite  rises 
to  an  elevation  of  over  200  feet  on  the  east  side  of  the  river,  main- 
taining the  character  given  above,  but  lighter  colored,  in  places  nearly 
white,  and  often  in  such  instances  not  unlike  vein  quartz. 

Fine  banding,  or  stripping,  due  undoubtedly  to  a  stratification,  bore 
at  different  points  N.  60*  to  75*  W.,  and  dipped  nearly  vertically,  in 
one  place  72*  to  the  north. 

Peculiar  forms,  not  unlike  Gothic  roofs,  covered  with  moss,  are 
common,  the  crest  lines  being  parallel  with  the  banding.  A  thick- 
ness of  330  steps  was  measured,  and  the  whole  mass  cannot  be  less 
than  about  1,000  feet. 

Near  the  river  and  west  of  the  most  northerly  exposure  of  the 
quartzite,  in  the  direction  of  the  strike  —  hence,  perhaps,  a  variety  of 
it — is  a  quartzose  rock  holding  much  feldspar  and  having  somewhat 
the  appearance  of  granulite.  Its  weathered  surface  resembles  some 
varieties  of  gneiss,  the  schistose  structure  of  which  bears  N.  80*  W. 
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North  of  the  qnartzite,  and  beyond  a  small  valley,  is  a  hornblendic 
schist  [8875  and  1636].  (Wichmann's  Report,  §  128.)  Next  north 
are  several  beds  of  greenstone  or  hornblende  schist,  or  both,  alter- 
nating with  layers  of  what  has  been  called  a  talcy,  or  protogine  gneiss. 

At  one  point,  the  division  plane  between  two  of  these  beds  was  very 
plain,  dipping  72*  S.  by  W. 

These  beds,  underlying  the  qnartzite,  are*  not  represented  on  the 
plan  and  section,  being  too  far  cast,  and  not  having  been  precisely 
located.  They  may  cross  the  river  under  the  basin  which  bounds  the 
qnartzite  on  the  north,  and  hence  be  concealed,  or  may  represent  in 
part  the  conglomerate-schist  series  now  to  be  described.  They  are 
small  in  extent,  and  are  chiefly  interesting  because  Dr.  Credner  pro- 
nounces them  to  be  of  Lauren tian  age,  and  bases  some  lithological 
generalizations  on  such  view,  which  seem  to  me  to  be  erroneous.  See 
"  Die  Vorsilurischen  Gebilde  der  Oberen  Halbinsel  von  Michigan. 
Zeitschrift  der  Deutschen  Geologischen  Gesellschaft,"  XXI  Band,  p. 
521,  and  following. 

This  series  is  exposed  on  a  projecting  point  on  the  east  side  of  the 
river,  a  short  distance  above  the  foot  of  the  Falls  of  Sturgeon,  portage 
trail,  being  about  500  steps  S.  W.  of  the  center  of  Sec.  9,  T.  39,  R. 
28  W. 

1.  On  the  south  side  of  this  point,  hence  forming  the  north  shore 
of  the  basin,  is  a  considerable  bed  of  a  soft,  fine-grained  rock,  appar- 
ently a  chloro-argillaceous,  arenaceous  schist  [2277].  The  strong 
cleavage  planes  strike  N.  80*  W.,  dip  60*  S.  A  somewhat  distinct 
banding  had  a  strike  N.  75*  W.,  and  vertical  dip.  As  no  rock  is 
exposed  for  some  distance  south,  this  schist  may  have  considerable 
thickness,  and  in  part  underlie  the  basin. 

2.  North  of  the  schist  is  eight  feet  in  thickness  of  a  reddish-gray 
quartzite. 

3.  A  thin  bed  of  a  schistose  conglomerate^  holding  pebbles  of  what 
appear  to  ba  Laurentian  granite  and  gneiss  and  white  quartz,  loosely 
bedded  in  a  matrix  resembling  1  [2278].  Prof.  Pumpelly  called  the 
rock  provisionally  protogine  conglomerate. 

4.  Five  feet  of  schist  similar  to  1. 

5.  Eight  feet  of  conglomerate  similar  to  3. 

6.  Three  feet  of  schist  similar  to  1,  which  brings  us  to  a  narrow 
part  of  the  river  and  ends  the  series,  for  on  the  opposite  side  is  Lau- 
rentian granitic-gneiss.  On  the  east  side  where  the  character  of  the 
rock  could  be  observed,  it  was  reddish  and  coarse-grained,  bedding 
obscure,  but  apparently  N.  60*  W.,  and  dip  70*  to  N.,  which  seemed 
to  be  the  strike  and  dip  of  the  division  plane  between  the  two  series. 
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The  bedding  of  the  conglomerate  and  schistose  beds  1  to  6,  above 
described,  was  unmistakable,  being  N.  80®  W.,  with  vertical  dip,  hence 
essentially  parallel  with  the  great  Huronian  qnartzite  which  overlies 
them  on  the  south.  The  bedding  of  the  granitic-gneiss  series  (Lau- 
rentian),  which  here  presents  several  varieties,  as  has  been  remarked, 
was  obscure;  in  one  place,  however,  about  one- third  of  a  mile  farther 
up  the  river,  it  was  distinctly  N.  45**  E.,  and  in  another  place  N. 
20®  E.,  with  dip  35®  to  50®  southeasterly.  About  fifty  steps  up 
stream  from  the  conglomerate-schist  series,  is  an  exposure  of  a  dark- 
green  schistose  rock,  apparently  a  hornblendic  chloritic  schist,  and 
containing  much  lime  [2279],  which  strikes  N.  45®  E.,  and  dips 
45®  to  S.  E.  As  this  rock  has  somewhat  the  character  of  a  dyke, 
we  are  not  warranted  in  saying  that  it  marks  the  bedding  of  the 
Laurentian. 

The  structural  facts,  in  connection  with  the  strong  lithological 
affinities  which  the  schist-conglomerate  series  bear  to  the  Huronian, 
and  the  still  more  important  fact  that  the  pebbles  contained  in  the 
conglomerate  are  unmistakably  Laurentian,  leave  no  question  in  my 
own  mind  but  that  the  rocks  under  consideration  are  Huronian,  and 
form  the  base  of  the  series  at  this  point  I  have  therefore  marked 
them  I,  indicating  the  first  formed  strata  of  the  Huronian  age. 

This  number  is  intended  to  embrace  all  the  Huronian  beds  older 
than  the  great  qnartzite. 

No  rocks  affording  to  me  the  slighest  suggestion  of  a  conglomer- 
itic  structure  have  been  found  ijt  the  Laurentian  system,  its  rocks 
being  always  highly  metamorphosed,  and  often  so  much  so  as  to  destroy 
all  traces  or  suggestions  of  bedding. 

Nor  have  we  a  right  to  assume  that  these  rocks  are  simply  local, 
for  in  Towns  40  and  41,  Range  30  W.,  there  is  everywhere  a  valley 
between  the  great  Huronian  qnartzite  and  the  nearest  exposure  of  the 
Laurentian,  which  may,  and  very  probably  is,  underlaid  by  a  similar 
conglomerate-schist  series. 

There  is  another  class  of  rocks  at  this  interesting  locality  which 
may  be  properly  mentioned  here,  which,  apparently  conforming  with 
neither  system,  present  rather  the  structural  phenomena  of  dykes, 
although  their  material  is  softer  and  more  schistose  than  is  usually 
found  in  true  dykes. 

1.  1125  paces  K  and  400  W.  from  the  S.  E.  corner  of  Sec.  8,  which 
brings  us  on  the  south  side  of  the  amphitheater  of  which  the  before 
mentioned  basin  is  the  center,  there  is  a  thin,  vertical  bed  of  a  schistose 
rock,  gneissic  in  appearance  and  rich  in  mica.  It  is  soft  and  brittle, 
of  purplish-green  color,  and  altogether  an  uncommon  variety  [2273J. 


Digitized  by 


Google 


Digitized  by 


Google 


WWSCtMIfSMX'  d 


0nIyih4>S€  rock's  wHich  outcrop  on  ornear 

thssmcl  ion  an  broa^U  io  the  conventional  \  »."V1  ,> 

.nirfacr  1in*^.andon{rtho9fi  n-here  di^  wrr^  ^^-S-"  ^^^^ «*« 
ohmerved  are  carried  to  La  we  r  line. 


IH>CK  SI6MS 

I  Hornblende  Schist 

I  Oreenstonc  <  Dinbase,  Dior  it  h.  Gahhro 

I  Orr^nstcnr  *S'ch  ist  (D  iuh€Mse    ChJjt  rttw  tirmrmMiMf 

I  Hagnesian  Schists,  usually  Cklvrtt  ir 


£l^      |l_ 


St  «u  i»r 


%  MiL««  Ai  nn  Ijri«>»r.wii  Co 


r«  Jm 


~-,^ 
-^ 


Digitized  by 


Google 


PLATEir. 


rvu;  swTMtvBir 


PLAN  N?lt 

SAND  PORTAGE  RAPIDS 
jnuatratmgTJE^lATooka' Report.  Cheep. If 


1879. 


looo  I500  se«o 

■,'■'''''■'■'■'.''■ 


tt 


>MUe 


■^^'trf    r^rr«. 


'««^, 


1^  ^ S*>r 


23^24 


JMIieSLIOAIBr 

T.39N.      R.30W. 


,yai»4r  ift»r^'*<'f  T**»' " 


EACe  R.\Fa>5 


^-^^f/,        ■" 


if^^i^iyir"^^ 


»i  i>r  Map 


Greenstones 


ill   msMi     ffi 


Digitized  by 


Google 


Digitized  by 


Google 


LOCAL  DETAILS.  469 

Its  strike  is  unmistakably  N.  60"*  E.,  nearly  at  right  angles  with  the 
great  qnartzite  which  cuts  it  off  each  way. 

2.  Northwest  from  1  about  75  steps,  and  forming  the  barrier  rock 
of  the  small  lower  fall  at  the  lower  end  of  Portage  trail,  is  a  light- 
reddish  and  greenish-gray,  and  apparently  talcy,  variety  of  quartzose 
rock,  the  schistose  planes  of  which  strike  N.  45°  E.,  and  dip  60'  S. 
E.,  or  approximately  parallel  with  No.  1.  No  other  rock  was  seen  in 
contact  with  it  [2276]. 

3.  On  the  west  side  of  the  river,  and  just  above  (2),  is  a  peculiar 
metalliferous  rock,  exposed  by  some  digging,  which  I  have  observed 
in  no  other  place.  It  is  a  highly  crystalline  mixture  of  reddish, 
orthoclase  feldspar,  with  many  cubes  of  iron  pyrites,  and  in  places 
thickly  sprinkled  with  crystalline  grains  of  magnetite.  It  may  not 
improbably  be  a  vein,  although  the  rock  has  some  affinity  with  a 
feldspathic  rock  observed  on  the  east  side  of  the  river,  which  is  illus- 
trated by  Spec.  65,  Mich.  State  suite,  where  it  is  called  talcose  gneiss. 

Eegarding  the  schistose,  dyke-like  masses  (1)  and  (2),  above 
described,  I  have  seen  precisely  similar  ones  in  the  Marquette  region, 
and  regard  them  as  formed  b}*^  the  filling  of  fissures  in  rocks  by  the 
inflowing,  if  flowing  it  may  be  called,  of  the  nearest  adjacent  rock 
which  has  the  requisite  plasticity,  just  as  the  galleries  of  coal  mines 
are  fllled  by  creeping  of  adjacent  slates. 

The  two  N.  E.  and  S.  W.  reaches  of  the  Sturgeon  river  above  and 
below  the  falls,  which  are  parallel  with  the  direction  of  the  dykes, 
point  toward  some  such  general  cause,  which  may  also  account  for 
the  river  having  broken  through  the  quartzite  barrier  at  this  point. 

While  displacements  (faults)  and  true  dykes  and  veins  are  rare  in 
the  Huronian  area,  I  think  there  is  much  evidence  to  show  that  such 
small  displacements  and  partial  squeezing  out  of  beds,  such  as  must 
have  accompanied  great  plications,  are  common.  Such  will  be 
pointed  out  at  the  Little  Quinnesec  and  on  the  Pine. 

2.  Little  Quinnesec  Falls^  Sand  Portage^  and  DeyiPs  Gut 
Section.  T.  38  N.,  E.  20  E.,  Wis.  (See  Plate  II.)  From  south  to 
north,  beginning  with  the  youngest  formation,  as  in  No.  1. 

i:o.  of  htd,  Thiekntts  in  feet, 

XX.    a.    Granite,    Supposed  to  be  the  yoangest  bed  of  the  Haronian  series. 
See  description,  under  a  of  preceding  section. 

Covered 100 

XIX.  h.  Hornblende  schist.  Dark,  grayish-green,  fine-gprained,  crystalline, 
very  jointed,  and  feels  rough  to  the  touch  [2124*].  Dykes  of 
granite  course  through  the  bed  in  every  direction.  The  dip  is 
nearly  vertical,  but  farther  west  it  is  southerly,  and  under  the 
granifce;  and  in  every  case  where  the  dip  could  be  made  out,  the 
homblendic  schist  dipped  toward  the  granite  at  a  hig^  angle. .  250 
>  See  Dr.  Wichmann,  Chap.  V,  $  180. 
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No,  qf  b€(L  ThUkne$$  im  fett. 

Covered 850 

c.    Hornblende  schist^  resembling  b 200 

Covered 1,103 

XYIII.  d,  'A  high  bluff  of  coarse-grained  gabbro  or  gabbro-Hke  greenstone^ 
somewhat  porphyritic  in  texture  [2116],  resembling  the  barrier 
rock  at  Sturgeon  falls.  This  rock  is  lithologically  identical 
with  that  of  the  great  greenstone  ridge  north  of  the  river,  de- 
scribed below  (XVI),  and  it  may  possibly  be  that  formation 
brought  to  the  surface  by  a  fold,  or,  if  both  are  evuptive,  then 
its  presence  is  still  easier  to  account  for.  I  regard  it,  however, 
as  the  equivalent  of  the  gabbro,  occurring  at  the  head  of  the 
Big  Quinnesec  (see  Plate  111),  therefore  forming  a  distinct, 

thinner,  and  younger  bed,  whatever  its  origm 100 

Covered 50 

e.    Unctuous-feeling,  apparently  chloritic,  schist  [2117] 50 

Covered.   Probably  the  Sand  Portage  and  Devil's  G  ut  series  belong 
here.    See  detailed  description  of  those  rocks  which  follow  this 

section.  '. 1100 

XVI.  /.  On  the  south  shore  of  the  river  is  a  dark  green,  fine-grained 
greenstone^  with  thin  seams  of  chlorite  [2118J.  A  specimen 
was  named  by  Dr.  Wichmann  diabase,  and  later  chlorite  schist, 
and  one  by  Mr.  Wright,  chloritic  diorite,  based  on  a  microscopic 

study  of  thin  sections 100 

Covered  byriver... 550 

g.  This  locality  is  at  the  N.  W.  end  of  one  of  the  most  conspicuous 
ridges  of  rock  on  the  Menominee  river,  suggesting  as  it  does 
the  palisades  of  the  Hudson  on  a  small  scale.  It  forms  a  con- 
tinuous crag  extending  for  a  mile  below  the  Littie  Quinnesec 
f aUs,  in  one  place  700  feet  wide.  The  rock,  which  has  been  vari- 
ously called  gabbro,  gabbro-like  diorite,  porphyritic  diorite,  and- 
diabase  [2112,  2113,  2114]  (69),  is  usually  very  coarse-grained. 
The  green  hornblende  crystals  sometimes  %  inch  long,  and 
whitish  feldspar  facets  nearly  as  large,  are  at  once  striking  and 

beautiful 200 

Mr.  Rutiey  first  applied  the  name  gabbro,  based  on  a  careful  mi- 
croscopic study  oi  a  specimen  of  the  Michigan  state  suite  (69). 
Those  interested  in  its  mineral  composition  are  referred  to  chap- 
ters III  and  IV. 
Intercalated  beds  of  soft  green  schist,  striking  with  the  trend  of 
the  ridge  and  having  vertical  dip,  occur. 

Covered ...         100 

XV.    h,    Chloritic  schist,  splitting  into  flat  prisms,  with  acute  edges 200 

i,    Chloritic  schist 10 

j.    Unctuous-feeling  schist,  light  gray-green,  with  irregular  branches 

and  seams  of  quartz  and  a  thin  dark  gray-brown  weather  coat,  40 

h,    A  mass  of  greenish-gray,  fine-grained,  massive  greenstone  f  pre- 
senting a  rectangular  surface  and  surrounded  on  three  sides 

with  chloritic  schist,  having  a  trappean  structure  [2068] 20 

/.    Chloritic  schist,  from  typical  to  unctuous-feeling  and  quartzose. .  40 

m.   Yme-gnitied  greenstone 10 

n.    Unctuous-fceling  chloritic  schist,  with  seams  of  quartz  and  lime,  24 
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No,  (tTbed.  ThUknm  to  /set. 

Covered 10 

0.    Mediam-gramed,  gteen,  highly  oTstallme,  horhbUndic  dioriU  and 

hornblende  schist 40 

p.    Dork  ehloritie  sehistt  with  veiiis  of  quaxbz  and  calcite  [2110]. ...  10 

q.    Light-green  (ftorito 33 

r.    Dark-green  ehloritie  sehist  with  narrow  seams  and  veins  of  quarts 

[2108] 10 

Covered 113 

s.    Light-green,  massive  dioriU  [2107],  with  a  10  foot  bed  of  very 
dark-green  ehloritie  greenstone  schist,  containing  occasionally 

reddish  specks 95 

Covered 20 

i.    Soft,  dark-green  ehloritie  sehist  [2106] 80 

M.    }ILvasa^e  greenstone 40 

V,    ehloritie  schist,  containing  considerable  magnetite,  and  some* 

what  warty  on  cleavage  planes C5 

Covered lib 

w.    CMoritie  horhblendie  schist,  with  grains  of  glassy  quartz  [2105] 

(or,  Wichmann,  porphyritic  hornblende  gneiss) 25 

5760 
Onr  inability  to  identity  the  beds  on  opposite  sides  of  the  river, 
together  with  the  facts  recorded  above,  and  certain  topographical  fea- 
tures of  the  locality,  render  it  not  improbable  that  there  may  have 
been  a  cross  fracture  and  small  right  hand  throw  at  the  locality,  along 
which  the  river  has  broken  through  the  series.  This  might  easily,  I 
conceive,  have  produced  the  phenomena  suggestixe  of  eruptive  agency 
recorded  under  k  above. 

It  was  remarked  above  that  the  considerable  covered  space  between 
e  and  y  (Plato  II),  wag  likely  to  be  underlaid  by  the  rocks  to  be  seen  at 
the  head  of  Sand  Portage  Eapids  and  at  Devil's  Gut.  These  will  now 
be  described  (the  former  from  Mr.  Wright's  notes)  from  south  to 
north,  in  supposed  descending  order,  beginning  with  Sand  Portage. 

J^o.  qf  b0d.  Thicknsta  in  ftet, 

XVII.          ehloritie  schist 20 

ehloritie  hornblende  rock,  often  dioritic 100 

Near    foot  of  first    rapids.     Light  greenish,    tolerably  soft, 

ehloritie  sehist,  on  weathered  edge  somewhat  shaly  [2100] ....  40 
ehloritie  diorite;  somewhat  schistose,  with  reddish  spots  on  fresh 

fractare  that  have  the  appearance  of  garnets  [2101] 40 

ehloritie  sehist,  with  thin  seams  of  qaartz;  ash-green  color, 

with  reddish  specks,  possibly  feldspar  [2102] 25 

ehloritie  diorite,  similar  to  4th  outcrop  above,  with  seams  of  cal- 
cite   35 

Three  bedsof  dioriU  [2l04t]  and  ehloritie  schist 35 

Massive  hornblende  rock 35 

Altematmg  beds  of  ehloritie  schist  and  ehloritie  diorite 60 

ehloritie  schist,  occasionally  somewhat  talcose  in  character 180 

570 
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Half  way  between  Sand  Portage  and  Little  Qninnesec  is  a  light 
greenish-gray,  micaceous  slate,  slightly  unctuous-feeling,  with  quartz- 
ose  laminae;  weathered  surface  is  brown  [2058]. 

The  following  beds,  believed  to  be  the  equivalents  of  the  above  ser- 
ies, can  be  seen  at  DeviPs  Gut  (Plate  II),  and  are  enumerated  from 
south  to  north : 

JTo.  <jr  bed,  TAiekn4f$  in/eei. 

XVII.         Chlaritie  schist  (south  bank  of  river). 

River 90 

Gray-green  chlaritie  or  clay  slate,  effervescing  slightly  with  acids, 

and  containing  occasional  quartz  seams  [2055] 30 

Covered ^ 120 

Magnesian  slate,  like  20Hhe\ow 10 

Covered 15 

Chloritic  schist,  ]ike2G5She\ow CO 

Covered 30 

Thinly  laminated,  gray  and  brownish,  soft,  ntagnesian  slate,  with 

thin  seams  of  quartz  in  cleavage  planes  [2054J 10 

Covered 20 

Chloritie  schist  or  slate,  with  greenish  gray,  irregularly  pitted 
weathered  surface,  and  thin  seams  of  caldte;  weathers  green- 
ish-brown [2053] 40 

Fine-grained,  light-green,  chloritie  greenstone  schist;  weathered 
surface  greenish-gray,  studded  with  crystals  of  feldspar  brought 
out  by  weathering  [2052] 90 

465 

The  unctuous  feeling  which  belongs  to  the  hydro-micaceous  schists 
exists  in  the  above  so-called  magnesian  schists  in  some  degree. 

3,  Big  Qninnesec  Falls.  Sec.  12,  T.  38  K,  R.  19  E.,  and  Sees. 
7  and  5,  T.  38  N.,  R  20  E.    (See  Plate  III.) 

jro.<^b€d.  ThUhmsinf*tt. 

XX.  a.  Cfranite^  [2129].  See  (a)  Sturgeon  river  section.  In  a  few  places 
evidenoes  of  bedding,  indicated  by  gneissoid  structure,  were 
observed,  dipping  to  the  south  and  oonfomung  with  the  adja- 
cent hornblende  schists. 

Covered 250 

h»    Hornblende  schist  wlik  dykes  of  gamie 50 

Covered 50 

Hornblende  schist.    Farther  west  is  a  very  tough  diabase,  with 

crystals  of  feldspar  [2072] 50 

Covered 125 

c.  Hornblende  schist,  ledge  100  feeilugh 200 

Covered 30O 

d.  Hornblende  schist 25 

Covered S50 

e.  Coarse-grained,  gray-green  diorite,  with  beds  of  chlorite  [2127]. 

Ifr.  Julien  applied  the  name  kersantite  or  mica  trap  to  a  speci- 
men from  this  outcrop  [2996],  probably  altered  from  a  green- 
stone   50 

»TliM«  notes  are  Urgtly  Mr.  Wright*t. 
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No.  <ff  bed,  ThUkne$i  in  fwL 

Covered 160 

/.    Chhritie  schist 50 

Covered 300 

g.    Chhritie  schist  with  quartz  dykes  and  diorite 100 

Covered 100 

h.    Diorite 25 

Covered 200 

«.    Massive  (JionYe....*.. •• 50 

Covered 200 

J.    Chloriiic  and  dioritic  schists  with  dykes  of  quartz 100 

Covered 250 

k.    Coarse-grained  massive  diorite,  with  chhritic  schist 150 

Covered 400 

On  the  northwest  side  of  tho  river,  opposite  the  outcrops 
from  A;  to  n,  are  numerous  exposures  of  a  schistose,  chloritic- 
looking  rock  which  Mr.  Juhen  designates  biotite-gneiss 
[2874  to  2883].  It  is  not  improbable  there  may  be  a  single 
and  perhaps  double  fold  here.  These  differ  from  the  pre- 
vailing varieties  %  mUes  farther  up  the  river,  which  are 
gray,  harder,  and  less  micaceous. 
/.    TalcosCf  chloritic  and  dioritic  schists,  passing    into    each 

other  [2126] 50 

Covered 500 

m.    Chloritic  schist 265 

n.    Quartz  schist  with  seams  of  chlorite 50 

0.    Chloritic  schist 250 

2.490 
On  the  hypothesis  of  a  double  fold  the  true  thickness  would  be 

one-third  of  this  amount,  equal  to 830 

Covered 250 

p.    Light-gray,  medium-grained  greenstone,  resembling  kersantite. .  50 

Covered 300 

g.    Greenstone  schist ••• •• 250 

r.    Greenstone ....         550 

Different  varieties  of  greenstone  occupy  the  east  bank  of  the 
river  continuously  to  the  basin.  Subsequent  observations  ^ 
mile  east  on  the  strike  of  these  rocks,  afforded  numerous  varie- 
ties of  altered  greenstone,  apparently  chloritic  [2852  to  2856]. 
At  the  extreme  south  comer  of  the  basin  is  a  related  gneissic 
variety  [2850]. 

f .    Diorite,  porphyritic  with  grains  of  glassy  quartz  [2069] 13 

t.    Light-gray,  medium-grained  ^re^n^Mtf >••.•••  75 

u.    Siliceous,  unctuous-feeling  chloritic  schist   25 

V.    Li^t-gray  gabbro  (**  diorite  porphyiy  **)  with  large  white  ctystab 

of  feldspar  [2070] 230 

tc.    Greenstone  schist,  with  a  ten  foot  bed  of  chloritic  schist 40 

Covered 60 

X.    Light-gray  sericite  schist,  holding  grains  of  quartz  and  partially 
decomposed  feldspar  [2071^],  often  slaty  and  showing  on  deav- 

>  Dr.  Wichmann,  chapter  V,  1 118. 
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.Yo.  qf  b€d,  TMdtmm  im/mL 

age  planes  pinkish  spots  and  uneven  surf ooe 115 

1/.    Chloritic  schict 85 

Covered 225 

z.    Light  grayish-green  ehloritic  schist,  with  seams  of  i^omc^  -(riight 

magnetic  attractions)  ^**^ 30 

aa,    Chlontic  greenstone  schist,  with  pinkish  grains  of  feldspar  (schal- 

stein?) 25 

Chloritie  schist,  with  seams  of  caldte 25 

Chloriiie  greenstone  schist • 25 

CJovered 190 

lb,    Chloriiie  schist,  with  seams  of  caldte  and  veins  of  quartz 20 

Siliceoos,  nnctuous-feeling  chloritie  schist,  with  seams  of  caldte. 

Appears  to  be  a  dyke  [2073] 3 

Chloritie  schist 40 

cc,    Chloritie  greenstone  schist  and  light-greenish,  fine-grained  green- 
stone schist • 54 

5.600 


The  typical  gray  gneisses  with  plagioclase  [2903  to  2914]  associated 
with  hornblende  schist,  observed  on  the  N.  W.  side  of  the  basin,  1,500 
paces  N.  and  500  W.  from  S.  E.  corner  Sec.  12,  T.  38  K,  R.  19  E., 
were  not  discovered  near  this  section,  and  apparently  do  not  cross  It, 
and  their  exact  place  in  this  series  is  not  made  oat  The  gneiss  is 
identical  with  that  north  of  the  Pine  in  Sec.  24,  T.  39  K,  R  IT  E 
[2234,  2839  to  2847],  which  we  now  embrace  in  bed  XVII.  They 
are  interesting  in  view  of  the  fact  that  they  are  the  oldest  Hardnian 
typical  gneisses  yet  observed.  These  rocks  were  missed  in  1874,  be- 
cause under  our  strict  instructions,  we  were  strictly  confined  to  the 
Wisconsin  side  of  the  river.  They  were  examined  by  Prof.  Pumpelly 
and  myself  in  1877,  and  afterwards  by  myself  in  1878. 

The  gabbro  is  found  botli  up  and  down  the  river  from  the  gneiss, 
but  the  latter  was  not  found  on  the  south  side  of  the  river  in  the  direc- 
tion of  its  strike.  This  may  be  explained  by  a  fault  or  by  a  narrow 
gneissic  anticlinal,  sinking  toward  the  east  Comparing  this  gneiss 
with  that  described  as  biotite  gneiss  in  the  above  description,  this  is 
grayer,  harder,  less  micaceous,  affording  almost  granitic  varieties. 
At  the  same  time  its  chloritie  beds  and  intermediate  varieties  have  so 
much  resemblance  to  the  biotite  gneiss  of  the  section  that  it  is  not 
improbable  further  investigation  may  prove  them  belonging  to  the 
same  bed,  connected  by  a  series  of  folds. 

The  great  thickness  of  gneiss,  and  in  fact  of  the  whole  series,  to  be 
explained  here,  would  be  most  easily  accounted  for  on  this  hypothe- 
sis.   See  Plate  III. 
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4.  Four  Foot  and  Twin  Falls  Section.  Menominee  river,  T.  39 
N.,  E.  19  E.,  Wis.    See  Plate  IV. 

Section  from  south  to  north,  beginning  with  the  supposed  oldest 
bed  of  the  series. 

Middle  Huronian. 

TfdckMiB  in  feet. 

«.  Light  bluish-gray,  shining,  clay-slate,  with  strong  cleavage  and  no  distin- 
guishable bedduig  planes  [2075],  Dr.  Wichmann  called  this  specimen 
phffllite,  Quartz3se  laminss  or  seams  ^  to  2  inches  thick  conform  with 
cleavage  and  mark  bedding  [2074].  The  strike  is  N.  85  E.  and  dip  70* 
to  80*  to  the  north.  The  bed  where  it  crosses  the  river  produces  a  rip- 
ple, and  is  exposed  in  the  bottom  of  the  banks  for  a  thickness  of  200 
steps.  No  more  typical  day-slate,  and  perhaps  no  thicker  bed  of  this 
rock,  has  anywhere  been  found.  It  has  been  nowhere  seen  in  place  in 
the  direction  of  its  strike.  Numerous  fragments  of  a  similar  rock  found 
in  the  S.  W.  portion  of  Sec  6,  T.  39,  R.  18,  indicate  that  it  probably 
extends  westerly  under  the  heavy  drift  region,  and  may  very  likely 
graduate  into  the  hydro-micaceous  slate  found  on  the  north  side  of  Pine 
river  in  Sec.  34,  T.  40,  R.  17  E.  The  clay-slate  at  the  mouth  of  the  Pine 
river  is  similai^  and  probably  the  same  bed.  The  prevalence  of  carbon- 
aceous or  ferruginous  material  in  the  day-slate  of  the  Upper  Huronian 
and  their  absence  from  similar  slates  of  the  Middle  Huronian,  as  devel- 
oped in  Michigan,  together  with  other  considerations,  leads  me  to  place 
this  in  the  latter  division,  perhaps  bad  XI 550 

Covered 600 

6.    Tough,  hard,  irregularly-splitting,  micaceous  cMoritic  schist  [2078] 50 

Covered 50 

c.  Greenstone  schist 25 

Covered 10 

d.  Chloritic?  slaty  schist 50 

e.  Ochrey,  carbonaceous  (magnesian?)  contorted  schist  [2134].    It  is  often 

black  and  stained  reddish  and  yellowish  from  the  decomposition  of  iron 
pyrites.    Found  only  on  the  west  side  of  the  river,  suggesting  the  possi- 

biUtyof  a  fault 135 

This  bed  h^  more  characteristics  in  common  with  the  Commonwealth 
formation  XY,  which  apparently  should  be  found  in  this  series,  than 
with  any  other  which  is  exposed.  I  do  not,  however,  believe  they  are 
equivalent. 

/.    Greenstone  schist 

g.    Massive  greenstone }•  265 

f.  Massive  fine-grained  igrreen^one • 

Beds  d  to  f  indusive  seem  to  be  chiefly  represented  on  the  east  side  of 
the  river  by  greenstone. 
J,    An  obscure,  apparently  magnesian,  schist,  which  Dr.  Wichmann  calk  caU 

car^M^  Aornd/em2e  schist  [2135] 80 

k.    Greenstone 25 

Covered,  probably  a  soft  schist  or  slate...  •••• 120 

I,    Soit  chloritic  schist ..••• 25 

Covered 65 

The  remainder  of  the  section  is  from  Mr.  Wright's  notes. 
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Thidcneii  in  feet, 
m,    A  very  heavy  bed  of  light  gteenish-gray,  maBsive,  fine  to  medium-grained, 
diorite;  yaries  only  in  size  of  grain,  and  in  places  somewhat  schistose. 

The  same  rock  was  found  to  the  westward 725 

Covered 900 

ft.    CA/ortYtc  «/a^,  like  outcrop  on  river  bank  [2140] 50 

Covered 1,600 

Upper  Hnronian. 

0,    Dark  grayish-green  on  fresh  fracture  cMoritic  side  [2137J 50 

p.    Earthy  ash-gray  dioro-chlorUic  schist,  very  jointed,  and  splitting  into 

spear-head  like  slabs 75 

q.    Ash-gray-bronze,  soft  and  very  jointed,  slaty  chloritic  schist 100 

r.    DiorO' chloritic  schist,  light  to  grayish  to  ash-green  color,  soft,  jointed, 

with  yellowish  or  brownish  specks,  and  containing  quartz  and  calcite. . .  80 
s.    Massive  chloritic  diorite,  sometimes  schistose  and  jointed,  with  seams  of 
calcite  and  veins  of  quartz.    This  rock  forms  the  barrier  at  the  Lower 

Twin  Fall 65 

t.    Soft,  ash-green,  chloritic  schist 25 

u.    Dark  grayish-green,  medium- grained,  massive  diorite,  with  chlorite 40 

Covered 265 

r.    Grayish-green,  fine-grained,  massive  diorite,  somewhat  chloritic 460 

Covered,  by  river 125 

ic.      Massive  diorite  similar  to  y,  with  seams  of  chlorite  and  often  jointed ....  200 
X,     Grayish-green  chloro-dioritic  schist,  with  reddish  specks,  probably  feld- 
spar   20 

y.  Light  greenish-gray,  fine-grained,  massive  diorite;  contains  seams  of  cal- 
cite and  irregular  veins  of  quartz 50 

Covered 100 

z.  Very  fine-grained  (aphanitic)  grayish -green  amphibole  rock,  very  jointed 
and  hard,  and  rings  when  struck  with  a  hammer,  like  a  piece  of  steel 
[2136].  Disseminated  through  it  are  irregular  patches  of  light-col- 
ored pyrites 50 

aa.    Grayish -green,  soft,  typical,  dioro-chloritic  schist 15 

lb.    Diorite,  similar  to  0 15 

cc.         "           "      "r 60 

dd.         "           "      "tt 15 

ee,    DiorO'chloritic  schist  similar  to  «a 25 

Covered 40 

ff.    Light  grayish-green,  fine  and  even-grained,  chloro-dioritic  schist,  with 

little  seams  of  calcite 150 

6,700 


On  the  opposite  side  of  the  river,  the  equivalents  of  Mr.  "Wright's 
0  to  Uyl  find  from  south  to  north. 

Choritic  schist  [2357]. 

A  fissile,  lustrous,  hard,dark-green  slate,  with  cleavage  apparently  parallel 

with  bedding.    It  suggests  hydromicaceons  slate  and  phyllite  [^9]. 
The  barrier  rock  of  the  fall  could  not  be  reached.    The  sharp  ridge  south  of 

the  basin  is  a  dark,  olive-green  ehJoritie  schist,  with  sparkling  facets  of 

quartz  [2361].    Strike,  N.  80"  E.,  dip  to  the  N.  60'.    Contains  a  layer 

of  massive,  fine-grained,  hard  greenstone. 
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In  1877,  Prof.  Piimpelly  and  myself  examined  the  rocks  at  the 
Upper  Twin  Fall,  embraced  nnder  Mr.  Wright's  description  under  z 

-- {    toco. 

The  prevailing  greenstone  is  crypto-crystalline,  compact,  hard,  some- 

;    what  brittle,  ringing  under  the  hammer  and  breaking  into  angular 

'  *  forms  [2362  to  2364].    Intercalated  slaty  beds,  four  feet  and  less  in 

I    thickness,  striking  S.  75°  to  80°  E.,  appear  to  mark  the  bedding.    In 

^*^       I    places  the  greenstone  is  irregularly  broken  into  polygonal  masses,  the 

23  minute  fissures  being  filled  with  the  slaty  material,  giving  the  rock  a 

coarse,  brecciated  appearance.    In  other  places  it  suggests  a  concretion- 

j     arj  or  semi-nodular  structure.    The  same  phenomena  can  be  seen  on 

the  shore  of  Lake  Superior,  in  front  of  the  Northwestern  Hotel,  Mar- 

;     qnettc.    This  slaty  material  may  be  simply  a  compacted  form  of  the 

^  '     pulverized  greenstone,  produced  at  the  time  of  fissuring. 

The  full  and  interesting  series  of  rocks  mentioned  above  as  occur- 
ring at  the  Four  Foot  and  Twin  Falls,  can  be  traced  by  occasional  out- 
crops about  3i  miles  east,  and  nearly  twice  that  distance  west  from 
the  river.  Beyond  this  they  cannot  be  followed,  nor  have  I  been  able 
to  make  out  with  absolute  certainty  their  sequence  and  place  in  the 
series.  An  inspection  of  the  general  map,  in  connection  with  what 
has  been  said  above,  will  indicate  my  hypothesis  that  the  whole  series 
ascend  from  the  clay-slate  on  the  south,  which  belongs  to  the  Middle 
Huronian,  and  may  be  bed  XI,  to  the  massive  greenstone  which  is 
spread  out  to  the  north  by  a  double  fold  occupying  the  belt  to  the 
Badwater  Indian  village,  where  it  is  supposed  to  pass  under  the  chlo- 
ritic  quartzite  bed,  XVIII,  and  is  provisionally  numbered  XVII. 
6.  Pine  and  Poplar  rivers  section.  T.  38  N.,  K.  17  and  18  E. 
Desctnption  of  Geological  Section  A-A,  See  Plate  V.  From 
the  south,  northeasterly,  in  descending  order. 
Some  distance  to  the  right  of  this  section  on  the  Poplar  river  is: 


26 


/ 


a.  A  grayish-black  or  very  dark-green  homhUndic  gtieiss,  with  dykes  of 
granite.  In  seams  are  layers  of  mica,  which  are  porphyritic  with  crya- 
tab  of  hornblende.  Very  heavy,  highly  crystalline,  and  feels  rough  to 
the  touch. 


About  one  mile  N.  W.  of  the  mouth  of  the  Poplar  is  the  follow- 
ing series: 

Thickne$tinfHt. 
h.    Dark-green,  medium-grained,  gfeenstoite  9  schiaty  holding  veins  of  feld- 

^*j^^                       spar.    Fifty  steps  east  it  is  more  homblendio,  if  not  a  hornblende  schist  150 

j'i7$i                     Covered 400 

8  'H^P  e.    Grayish-green  greenstone  f  $ehist  and  coarse-grained  homhlendie  schist — 

9.                               a  schistose  variety  of  ^ 150 

Covered ^ fcO 
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Thiekne$$  in/uL 

d.  Hortiblendie  schist  with  caldte  laminse,  similar  to  /.    A  variety  contains 

OTBtalsof  black  mica  [2204] 200 

Covered 20 

e.  Banded  quartzose  sehiH^  the  lamins  from  one-fourth  to  several  inches 

thick,  much  broken  up  and  giving  the  rock  a  brecciated  appearance. 
The  light  gray,  reddish,  and  yellowish  layers,  are  arenaceous  on  weath- 
ered surface,  and  apparently  jaspery  within,  and  in  places  micaceous. 
The  dark  colored  layers  are  mostly  chloritic,  being  dark-green  on  fresh 
fracture.  At  another  point  the  rock  is  a  banded  gray  and  yellowish 
cherty  schist  [2203J.  One-quarter  mile  S.  E.  in  direction  of  the  strike, 
they  become  micaceous  quartz  schists 150 

Covered 20 

/.  Finely  banded,  medium  to  dark  greenish-gray,  hornblende  schist,  with 
numerous  laminsd  of  calcite,  the  weathering  out  of  which  produces  in 
places  a  corrugated  weathered  surface  [2201] 100 

Covered 80 

g.  Blackish-green,  very  coarse-grained,  massive,  jointed  hornblende  rock 
[2200].  In  places  it  is  finer-grained  and  of  a  greenish-gray  color,  sug- 
gesting greenstone 75 

Covered 100 

h.    Gray-green  chlaro-diorUic  schist 50 

Description  of  Geological  Section  B-B.    See  Plate  V.     From 
south  to  north  in  descending  order. 

No,  cf  bed.  Thicknea  in  feet. 

XIX.     i.    Massive  hornblende  rock  (Wright),  consisting  of  black  hornblende 
and  white  quartz  in  about  equal  proportions  [2218J.     Herr 

Wapler  caUs  this  rock  a  diorite 50 

Covered 800 

j.    Hornblende  schist[22\^ 50 

Covered 400 

k,    Homblendic  schist 75 

Covered 300 

L  Grayish-green,  gneissic-looking  rock,  containing  garnets,  which 
vary  up  to  ^  inch  in  diameter,  [2220].    In  places  suggests 

chloritic  and  again  homblendic  schist 75 

Covered 1150 

XVIII.   m.    Unctuous-feeling  quartz  schist^  probably  chloritic  [2222] 300 

Covered 900 

Mr.  Wright  describes  the  outcrops  n  to  q  inclusive  thus: 

XYIII.   n.    Micaceous feldspathicqttartzose  schist tO 

ChlorO'hornblendic  rock 50 

Covered 400 

0.    Qr&y  homblendic  schistf  possmg  into: 

p.  Light  greenish-gray,  massive  homblendic  or  quatiz  schist  with 
hornblende  crystals  plainly  visible  on  weathered  surface,  ren- 
dering it  porphyritic,  and  containing  some  black  mica.  No. 
2234  has  mica  in  minute  lenticular  parallel  seams;  several  vari- 
eties were  observed ICO 
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No.  qf  ML                                                                                                            Thickne$9  in  feel. 
Covered 200 

g,    Semi-schistoee,  gray,  micaceous  quartzite  wifch  seams  of  hornblende 

[2223] 100 

Massive  gray  micaceous  feldspathlc  gtwtizite.  The  ledge  is  ex- 
posed for  }4  ™Jl6  west,  (Subsequent  observations  prove  that  a 
broad  E.  and  W.  belt  of  gray,  compact  gneiss,  embracing  out- 
crops n  to  g  inclusive,  containing  layers  resembling  greenstone, 
exists  here;  possibly  locally  folded,  but  undoubtedly  the  equiva- 
lents of  the  gneiss  already  described  as  occurring  near  the  head 
of  the  Big  Quinnesec  rapids  f2838  to  2847]. 

Covered 2,500 

About  ^  miles  east  is  a  fine-grained,  dark-green  greenstone, 
which  probably  belongs  here  in  the  section. 
XIV.  r.  Light  to  dark-gray,  irregularly  banded,  conglomeritic  quartz 
schist,  containing  micaceous  iron  and  magnetite.  In  one  place 
the  rock  was  a  quartzite,  with  veins  of  white  quartz.  The 
white  quartz  pebbles  vary  up  to  the  size  of  an  egg,  and  are  flat- . 
tened,  or  have  their  longer  axes  in  direction  of  the  lamination. 
About  M  miles  east  is  a  grayish  specular  conglomeritic  schist, 
holding  the  same  flattened  pebbles  of  white  arenaceous  quartz. 
The  matrix  appears  to  be  quartz  and  micaceous  iron  [2224] ....         200 

In  1878  I  made  out,  just  west  of  tliis  section,  the  following  very 
interesting  series,  from  south  to  north,  lying  immediately  north  of, 
and,  I  suppose,  under  the  quartzite: 

Quarizose  conglomerate  schist,  containing  mica  [2820]. 
Gametiferous  actinolite  schist  (eklogite)  [2319]. 
Siliceous  schist  with  hornblende  [2818]. 
Homhlende  schist  [2817]. 

Pyritiferous,  magnetitic  slate,  containing  biotite  [^16]. 
Black  hornblende  schist  [2814]. 

Description  of  Geological  Section  C-C.  See  Plate  V.  Frotn 
south  to  north,  and,  to  gg  at  least,  in  descending  order. 

No.  of  b€d.  Thieknm  in  feet, 

XVIII.    t.    At  second  fall.    Gray  quartz  schist,  varying  to  tjrpical  massive 
gray  jointed  quartzite.    In  places  the  schistose  variety  is  faintly 

banded,  containing  mica  [2231] 250 

Covered 200 

u.    Unctuous  feeling  quartz-schist,  graduating  into  a  massive  variety  50 

Covered 150 

V,    Gneissic-looking  schist,  apparently  chloritic  [2232].    Forms  bar- 
rier rock  of  upper  fall 200 

Covered 250 

ic.    Hornblende  schist.    Forms  barrier  rock  of  lower  fall 50 

Covered 50 

X.    Faintly  banded,  fine-grained,  hornblende  schist,  containing  cal- 

cite 150 

Covered 150 
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No.  of  b0d.  Thlcknt9$  in  ftL 

Qua9iz  and  hornblende  schist,  interbedded 50 

Covered 400 

y.    Quartzose  hornblendic  schist.    Across  the  river  and  a  little  below 

is  a  gray  quartzose  schist 100 

Covered 300 

z.    Decomposed  hornblendic  schist,  becoming  more  quartzose  fifty 

steps  down  stream 100 

Covered 200 

aa.    Grayish-black,  fine-grained  slaty  hornblendic  f  schist 100 

At  the  upper  rapids  of  the  first  fall,  probably  just  north  of  aa,  is 
a  hornblendic  schist,  with  soft  slaty  laminae,  which  by  weather- 
ing have  left  projecting  the  sharp  ragged  edges  of  hornblende. 
Twenty-five  steps  down  stream  is  a  banded  arenaceous  quartzose 
schist,  sometimes  slaty. 

Covered 300 

hb.  First  fall.  The  barrier  rock  is  a  dark  greenish-gray  to  blackish, 
banded,  obscure  schist,  somewhat  gneissic,  which  has  been 
called  micaceous  chloritic  slaty^schist,  and  blackish-gray  mica 
slate  [2236,  28:30].  Below,  about  20  steps,  the  same  rock  has 
thin  chloritic  (?)  laminsB,  which  are  minutely  corrugated  like 

the  mica  schists 250 

Covered 100 

XVI.    ec.    Blackish-green,  soft,  perfectly  deavable,  chloro-argillace^us  slate, 

with  numerous  joints  [2237J 25 

dd.  Underlying  cc  to  the  north,  is  a  light  olive-green,  very  coarse- 
grained, altered  actinolite  schist  [2'238J,  which  in  places  was 

apparently  undergoing  alteration  into  chloritic  schist 100 

Covered 3C0 

XV.    ee.    Banded,  greenish  and  purplish  hard  ferruginous  (magnetic)  actin- 
olite schist  [2240,  2241]. 
ff.    Banded  ferruginous  quartz  schist,  composed  of  laminse  of  mag- 
netic ore,  and  thicker  ones  of  arenaceous  white  to  yellow  saccba- 
roidal  quartz  [2242]. 
This  bed  was  traced  by  its  magnetic  attractions,  which  are  broad 
and  strong  at  the  outcrop,  E.  S.  E.  across  the  river,  with  dimin- 
ishing influence  and  narrowing  zone,  possibly  produced  by  a 
sinking  anticlinal.    See  below.    The  structural  relations  of  this 
actinolite  ore  with  the  great  quartz  conglomerate  which  shows 
itself  a  short  distance  to  the  west,  where  it  is  overlaid  on  the 
south  by  clay  slate,  was  not  fully  made  out.    It  is  believed  to 
overlie  it,  belonging  with  the  clay-slate.    The  magnetic  actin- 
olite schist  at  this  locality  bears  much  resemblance  to  that  lying 
south  of  the  quartzite  in  S.  E.  qr.  of  Sec.  25,  T.  40,  R.  17,  and 
is  probably  the  same  horizon,  that  is  to  si^,  a  part  of  the  Com* 
monwealth  ore  bed,  XV. 
gg.    Conglomerate,  see  r  above. 
Covered. 

Hornblende  gneiss  [2805]. 
Covered. 
hh.    Chloritic  (?)  slats. 
Covered. 
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ft.    Mica  schist,  apparently  chloritic  [2239],  similar  to  bb,  bat  softer. 

Covered. 
jj,    Chloro-argUlaceous  slate. 

6.  Commonwealth  and  Eagle  Mine  Bocks.    Ts.  39  and  40  N., 

Rs.  17  and  18  E.,  Wis.    See  Plate  VL 

I  have  rarely  found  so  small  an  area  presenting  so  many  outcrops 
and  magnetic  attractions,  and  occupied  by  so  few  and  well  character- 
ized rocks,  the  structure  of  which  gave  me  so  much  trouble  as  has 
the  district  about  Lake  Eliza,  more  especially  to  the  N.  and  W.  Our 
observations  in  1874  proved  entirely  inadequate,  and  the  greater  part 
of  the  work  in  1877  and  1878  was  devoted  to  this  troublesome  ques- 
tion of  the  sequence  and  relative  age  of  these  rocks,  which,  I  believe, 
is  at  last  satisfactorily  solved.  The  exposures  of  rock  are  detailed  on 
Plato  VI,  the  magnetic  attractions  on  Plate  VII,  and  the  generalized 
facts  and  hypothesis  of  structure  on  Plate  VIII,  as  well  as  on  both 
the  Atlas  Maps  of  the  Menominee  region.  These  rocks  undoubtedly 
belong  to  the  Upper  Hnronian,  embracing  the  middle  and  lower  por- 
tions. The  extensive  drift  areas  on  the  S.,  E.,  N".  and  W.,  completely 
isolate  this  district,  forcing  us  to  rely  largely  on  lithological  char- 
acters in  establishing  its  equivalency. 

The  questions  involved  are  no  less  important  economically  than 
scientifically,  since  it  concerns  the  western  extension  of  the  Common- 
xvh  wealth  range  as  well  as  the  significance  of  the  numerous  attractions 

y  W.  from  Lake  Eliza. 

The  oldest  and  most  northeasterly  rock  in  this  series,  bed  XIV,  is 
^.  the  great  quartzite  which  covers  one-half  of  Sees.  24  and  25,  T.  40, 

R  17.  Traced  S.  E.,  it  disappears  in  the  S.  E.  qr.  of  Sec.  31,  T.  40, 
E.  18,  where  it  sinks  beneath  the  supposed  Commonwealth  anticlinal. 
Northwestward  it  has  been  traced  beyond  Polar's  location,  at  the 
<^^  S.  W.  corner  of  Sec.  13.    To  the  S.  W.,  and  overlying  this  bed,  is 

the  Commonwealth  iron  horizon  in  which  clay-slate^  graduating 
into  carbonaceous  and  chloritic  varieties,  and  often  laminated  with 
saccharoidal  quartz,  is  the  prevailing  rock.  Its  position  and  exten- 
sion for  4  miles  E.  of  Lake  Eliza,  is  well-known.  At  the  lake  one 
wing  makes  a  bend  to  the  N".  W.,  widening  probably  from  folds.  It 
occupies  a  broad  area  on  Sees.  26,  25,  24,  23  and  14,  beyond  which 
nothing  definite  is  known. 

Except  some  highly  magnetic  actinolite  schist,  which  seems  to  divide 
this  bed  from  the  underlying  quartzite,  and  which  is  best  exposed  at 
the  center  of  the  S.  E.  qr.  of  Sec.  25,  no  decided  indications  of  iron 
were  seen,  although  rusty,  partially  decomposed  slates  were  frequently 
observed.  Since  the  Commonwealth  deposit  and  rich,  soft  ores  gen- 
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erallj  do  not  outcrop,  the  fact  that  merchantable  ore  was  not  seen  has 
no  especial  significance. 

S.  W,  of  the  known  localities  where  bed  XV  is  exposed,  is  a  flat 
belt  without  outcrops,  which  may  be  occupied  by  the  soft  uppermost 
members  of  the  bed. 

We  now  arrive,  in  ascending  order,  at  bed  XVI,  to  which  belongs 
most  if  not  all  of  the  strong  magnetic  attractions  W.  and  N.  W.  of 
Lake  Eliza.  Where  best  exposed,  on  Sees.  35  and  36,  it  is  made  up 
of  a  thick  stratum  of  day-slate  and  argillaceous  schist^  possessing 
oblique  cleavage,  which  graduates  into  hard  varieties,  suggesting  apha- 
nitic  greenstone.  On  both  sides  of  this  clay  slate  is  the  magnetic 
rock  which,  where  observed,  is  an  actinolite  schist^  altered  in  places 
to  some  oxide  of  iron;  sometimes  the  black,  which  takes  the  form  of 
the  actinolite  crystals  through  pseudo-morphism.  The  actinolite 
schists,  rich  in  iron,  possibly  to  the  point  of  producing  merchantable 
ores,  n«ar  the  quarter-post  between  Sees.  27  and  28,  are  believed  tv> 
belong  to  the  same  bed,  XVI.     See  Plate  VIII. 

The  few  outcrops  of  greenstone^  massive  and  schistose,  found  on 
the  N.  E.  side  of  this  magnetic  range  on  Sees.  36  and  26,  may  belong 
with  the  actinolite  schists,  or  to  the  overlying  diorite  bed  XVII,  in- 
volving a  sharp  fold  in  bed  XVI,  some  indications  of  which  were  to 
be  seen. 

It  seems  probable  that  nearly  all  the  massive  diorUes  and  associated 
hornblende  rocks  for  several  miles  belong  to  one  considerably  plicated 
bed,  XVII.  The  facts  supporting  this  hypothesis  will  be  seen  by  ex- 
amination of  Plates  VI  and  VIII.  The  hornblende  character  of  this 
bed  is  very  pronounced,  and  the  rock  is  undoubtedly  a  true  diorite, 
which  rock  can  be  studied  to  excellent  advantage  here.  At  several 
points  various  amphibolic,  micaceous,  chloritic  and  argillaceous  schists, 
associated  with  or  graduating  into  massive  varieties,  were  observed, 
which  belonged  to  this  bed  and  apparently  to  its  upper  portion. 

Immediately  overlying  and  graduating  into  the  softer  argillaceous 
and  chloritic  layers  just  named,  is  a  thin  bed  of  carlonaceous  shale, 
sometimes  graphitic,  in  which  there  are  quartz  veins.  This  rock  is 
best  exposed  in  a  N.  W.-S.  E.  line  passing  near  the  corner  of  Sees. 
27  and  35. 

Next  above,  and  forming  the  youngest  member  of  the  Lake  Eliza 
series,  is  the  actinolite  schist  bed,  XVIII,^  which  forms  an  irregular 

*  On  Plate  VIII,  a  second  hypothetical  section  is  given,  marked  "possible  folds,'' 
which  makes  the  carbonaceous  shale  belong  to  bed  XV,  and  this  great  actinolite  schist 
bed  the  equiyalent  of  XVI.  Some  facts  strongly  support  this  hypothesis,  but  the  bal- 
ance of  the  evidence  is  in  favor  of  the  assumed  structure. 


Digitized  by 


Google 


1 
I 

1-ATK  vir 


i^UAJN^    vn 


north 


M^vaxExic  chart; 

of  thi*  lV«? 

'OM^IONWEALTH  MIN^,^;?^ 

nCn#frtt«in^     11  U.Brooks  Report 

1A79. 
•  »■■■  ••••       ••«•  ft. 

%  i 

^  6 

& 


Si^ns  fop  local  MaJneUr  AttracUon 

dur  to  Magnetite. 
Wriaiian  in  ditretioti  of  Xeeeile. 
No  locai  aUraetion  of  any  Jdnd 
Siighi  di^  lesy  than  aJjhtit  20" 
Modenue  difi^  fhmt  aSout  Wto^ft 
Strang  dipk  from^  about  ^^  to  90 
\Mort  than  90;  indicntUtg  ottserrer  is  norfh  afftrr. 

[l^riat/on  East  \  The  dirretion  of  thr  armtr 
Mtmntd^riaiicn    West    \  indtcntes  ttir  amonnt 


LC   Mine: 


•>7       ;     ** 

—  /  .       o  e    o 

♦  '        o 

♦  oo  o    %  o   o 
o 

o 
e 
e 


i     4-    e 


,?4 


o 
e 

9 


y^^lOw^prtwy  ftrrrilr  paints  indiffercndj-  in    anr  dirrrtian,    k 
^""^""y^dtcatuig  ustuUly  that  local  matin tt  is  south   oT       \ 


obser%rir 

^niattitr  of  iocni  mannrtie  fhrrr  a^  approjcitnatety 

tndiMleff  fy'thf  mimOer  of  vibrations  of  the  neerf/t- 

m   ^seconds. 

^^nn4U  infensitr  to  be  abteryed  for  each    ConuHtss-   .^vrc 

Greater  thart  norma/  intensity,  nsnafly  indieatiua    s 

that  the  observer  is  south  of  the  ore, 

Sauh  areate*:  ^ 

Li^  than  nprmat  intensity  usually    indUtUina 

ttutt  the  ohsen^er  is  north  t^ the  are.  e 

3tiuft  less.  Q 

hifie  V  locaf  magnetic  inftue/trr.  ♦  ♦  ♦   *  ♦ 

fntftts  of  meurinnuu   inftaenee.  ^ 

Ml  the  phenomena   of  the  locally  aitroj-ted  needle 
are  modi/fed  by  the  casnnral  (nty^e  tyhith  arts 
naifbnnir  itt  dirertifig  the  needle  fyith  considerable 
force  to  the  north. 

Magnate  irofi    ore  is  the  reutse  of  all  the  disturbana- 
here  indtceitrel,  but  its  (j^iantifi-nnd  qfioUtf^  r^n 
onlr'  tfc  made  knatyn.  tfy  diqfimq.    It  i.t  be/ieyerf 
to  be  maatl^'  untlwut  eeononiir  yr't/ne. 


33 


COMMONWEALTH    MINE  V 

o 
O  rt 

i 


i 


I 


34 


Digitized  by 


Google 


Digitized  by 


Google 


LOCAL  DETAILS.  483 

synclinal  basin  extending,  so  far  as  exposures  enable  us  to  determine 
from  the  S.  quarter-post  of  Sec.  35  to  the  N.  quarter-post  of  Sec.  34' 
This  rock  differs  from  the  actinolite  schist  of  bed  XVI,  in  being  more 
typical,  usually  less  ferruginous,  and  in  the  absence  of  clay-slate  as  an 
associated  rock.  A  peculiar  variety  containing  contorted  and  broken 
laminae  of  quartz,  sometimes  a  breccia  in  appearance,  characterizes  this 
bed,  and  may  mark  its  upper  portion. 

No  exposures  of  rock  are  found  between  this  actinolite  schist  and 
the  Pine  river,  save  an  outcrop  of  magnetic  actinolite  schist,  near  the 
center  of  the  W.  half  of  Sec.  2,  T.  39,  R.  17  R,  which  has  some  char- 
acters in  common  with  the  rocks  of  bed  XVI,  and  less  with  XVIII. 

In  the  N.  W.  bluff  of  Pine  river,  at  the  elbow,  are  large  exposures 
of  a  very  soft,  reddish-gray,  unctuous-feeling  slate,  which  splits  into 
long,  slender  prisms  of  rhomboidal  section  [2731-3].  It  is  a  hydro- 
micaceous  rock,  probably  sericite.  A  related  rock  was  found  in  test- 
pits  three- fourths  of  a  mile  east  of  the  Commonwealth,  to  which  series 
it  may  belong. 

The  above  sketch  of  the  general  character,  distribution  and  sequence 
of  the  Lake  Eliza  rocks,  taken  in  connection  with  the  plates  and  maps, 
will,  it  is  believed,  be  sufficient  for  all  who  are  not  especially  interested 
in  the  minute  details,  especially  as  to  lithological  character.  For  the 
benefit  of  such,  the  following  descriptions  of  sections  are  given;  the 
one  east  and  the  one  west  of  the  lake.  They  were  located  on  the  re- 
sults of  work  in  1874,  before  the  Commonwealth  mine  was  discovered. 
On  present  infonnation,  it  would  have  been  better  to  pass  one  through 
the  mine,  that  is,  farther  east,  and  the  other  farther  west. 

Description  of  Geological  Section  A-A\    See  Plate  VI. 

a.  Brown  to  grayish-green,  banded,  actinolite  schist^  in  places 
magnetic  and  occasionally  siliceous.  Heavy  bed,  striking  W.  N.  W., 
in  which  direction  it  can  be  followed  one-half  mile.  Dips  high  to  south 
[2676-9].  At  175  steps  N.,  and  1175  W.  of  the  S.  E.  corner  of 
Sec.  35,  T.  40,  R.  17,  is  an  obscure  brown  variety,  mottled 
and  weathered,  splitting  irregularly,  and  highly  contorted,  indi- 
cating unmistakably  the  presence  of  a  fold  [2682-3].  About 
700  steps  jS".,  the  same  rock  again  appears.  Just  E.  and  S. 
of  the  S.  quarter  post  of  Sec.  27  [2705],  as  well  as  at  sev- 
eral points  in  the  S.  E.  qr.  of  section,  and  near  the  W.  quarter  post  of 
Sec.  35  [2688-92],  are  large  exposures  of  a  highly  contorted,  banded 
actinolite  and  quartz  schist,  which  often  presents  a  brecciated  appear- 
ance from  the  breaking  up  of  the  quartz  layers.*     It  is  an  interest- 

'  See  my  Mich.  Geol.  Report,  1873,  Vol.  II,  p.  285. 


Digitized  by 


Google 


rieties,  which  may  be  said  to  lie  between  black,  coarse-grained  horn- 
blende rocks  on  one  side,  chloro-micaceous,  and  related  schists  on 
another,  with  true  diorites  for  the  third  side.    The  massive  green- 


Digitized  by 


Google 


LOCAL  DETAILS.  485 

stones  and  associated  schists  on  Sec.  27  [2674-95]  are  believed  to 
belong  to  the  same  bed,  as  will  be  seen  on  Plate  VIII,  which  gives 
hypothesis  of  strncture.  The  micaceous,  chloritic,  and  argillaceous 
schists,  and  perhaps  the  carbonaceous  schist,  associated  with  green- 
stone schist  described  under  J,  constitute  the  upper  portion  of  this  bed. 
The  lower  portion  is  made  up  of  the  more  massive  varieties,  in  which, 
however,  semi-schistose  beds  appear.  It  is  only  necessary  to  mention 
the  prevailing  varieties:  diorite  [2611-13,  2643,  3375-7];  greenstone 
schist  [2621,  2625,  2628,  3381];  hornblende  rock  [2622,  2624];  mica- 
ceons  diorite  [2641];  pyritiferons  diorite  [2636];  micaceous  dia- 
base [2620]. 

Next  N.  E.  of,  and  underlying  the  great  diorite  bed,  is  an  interest- 
ing stratum  of  alternating  members  of  magnetic  actinolite  schist, 
having  oblique  cleavage  and  graduating  into  hard  argillaceous  schist 
and  perhaps  obscure  greenstotie  schists.  This  affords  a  highly  mag- 
netic belt,  which  can  be  traced  by  outcrops  shown  on  Plate  VI,  and 
inacrnetic  attractions  on  Plate  VII,  from  the  center  of  the  S.  half  of 
Lake  Eliza  N.  W.  to  near  the  center  of  Sec.  26.  What  is  believed  to 
be  the  same  bed  appears  again  near  the  W.  quarter  post  of  Sec.  27, 
where  it  is  supposed  to  form  an  anticlinal  sinking  to  the  S.  E.  See 
Plate  VIII. 

g.  Passing  to  details  we  find  at  outcrop  g.  Sec.  A- A,  light- brown, 
magnetic  friable  varieties  of  actinolite  schist  [2595-6] ;  others  banded 
and  ochrey  [2597];  in  some  instano3S  the  crystals  are  quite  large 
[2598].  On  Wakefield's  road,  near  the  N.  quarter  post  of  Sec.  35, 
are  indentical  and  related  varieties,  one  being  hematite-red,  exposed 
on  both  sides  of  the  clay-slates  [2600-2,  2560-3].  The  most  highly 
ferruginous  variety,  constituting  perhaps  a  merchantable  ore,  was 
seen  just  N.  of  the  W.  quarter-post  of  Sec.  27  in  a  test-pit.  The  red 
oxide  of  iron  had  here  almost  entirely  replaced  the  actinolite,  retain- 
ing, however,  the  form  of  its  crystals  [3394].  The  prospects  for 
merchantable  ores  in  this  bed  will  be  considered  in  the  accompanying 
economic  report  of  Mr.  Wright.  I  would,  however,  remark  that  this 
is  a  totally  different  ore  in  origin  and  appearance  from  either  the 
Commonwealth-Eagle  or  Breen-Quinnesec  ranges,  and  is  found  in  a 
younger  horizon.  Regarding  the  argillaceous  and  apparently  middle 
member  of  this  bed,  it  is  interesting  as  presenting  everywhere  a  true 
cleavage^  which  is  constant  in  strke  and  dip,  i.  e.j  N.  80*  W.,  and  nearly 
vertical,  and  varying  from  a  coarse  and  imperfectly  fissile  slate 
[2564-75]  laminated  with  quartz,  to  a  hard,  semi-schistose,  ringing 

'  See  remarkEi  on  cleavage  in  Chap.  Ill,  under  Clay  Slate. 
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rock  [2583-7],  which  seems  more  like  aphanitic  greenstone  than  anj 
form  of  argillite.  The  best  point  to  study  the  slate  as  to  its  varieties 
and  stractare,  is  just  N.  W.  of  the  outlet  of  Lake  Eliza,  where  the 
bedding  planes  are  highly  contorted  and  quartz  laminae  abound 
[2564-8]. 

i.  Bordering  this  magnetic  belt  on  the  N.  E.,  and  perhaps  belong- 
ing to  it,  are  several  outcrops  of  greenstone  and  related  schist 
[2549-54],  which  may  possibly  be  the  lowest  member  of  bed  XVII, 
with  which  this  rock  has  lithological  affinities,  brought  there  by  a 
sharp  fold. 

Passing  a  belt  of  low,  flat  country  without  outcrops,  but  supposed 
to  be  underlaid  by  the  uppermost  soft  slates  of  bed  XVI,  we  arrive  at 
the  Commonwealth  range,  here  composed,  so  far  as  coald  be  judged 
from  the  few  exposures,  of  soft  argillaceovs  and  chloritic  slates j  gener- 
ally more  or  less  carbonaceous.  Some  varieties  of  the  latter  rock  are 
very  light,  jet  black,  exceedingly  soft  and  homogenous  slates,  evidently 
highly  charged  with  carbon  [3410].  The  graphitic  varieties  are  quite 
common,  are  usually  harder,  more  schistose,  and  sometimes  porous 
[2196].  True  fissure  veins  filled  with  quartz  showing  the  comb  struc- 
ture, have  been  more  frequently  observed  in  this  rock  than  in  any 
other  [3409]. 

The  identity  of  this  rock  with  that  described  under  a'  and  its 
possible  equivalency,  has  been  pointed  out.  The  effect  of  weathering 
on  this  soft  rock  has  nearly  always  covered  it  with  soil,  and  it  is  only 
by  thorough  search  under  the  roots  of  fallen  trees,  aided  by  a  few  test- 
pits,  that  we  are  brought  to  believe  that  it  constitutes  a  broad  belt  N. 
and  W.  of  Lake  Eliza,  limited  on  the  E.  by  the  quartzite. 

Easterly  from  the  lake,  on  the  Commonwealth  range  proper,  and 
especially  along  the  face  of  the  bluff  which  forms  the  south  side  of 
the  range,  exposures  are  more  numerous,  especially  in  the  banks  of 
the  rivulets.  Here,  about  one-quarter  of  a  mile  S.  W.  of  the  Com- 
monwealth mine,  the  so-called  "  plumbago  mine "  has  been  opened. 
The  same  associations  of  clay  and  chloritic  slates,  in  great  variety  and 
insensibly  graduating  into  each  other,  occur  [2185,  2369,  2404-5]. 
Highly  altered,  mottled,  porous  varieties  are  seen  in  test-pits  on  the 
east  side  of  Sec  34  [3452-62],  and  identical  altered  varieties  along  the 
north  line  of  Sec.  25,  T.  40,  R.  17  [3411-22].^    Hard,  black  varieties, 

*  **  Paint  mine  *'  and  hog-ores,  —  The  rusty,  weathered,  porous  character,  apparenUj 
caused  by  the  decomposition  of  iron  pyrites,  of  the  soft  schists  of  this  bed,  has  already 
been  mentioned.  Althoug^h  belonging  to  Mr.  Wright^s  Economic  Report,  it  is  proper 
here  to  suggest  the  probable  bearing  of  this  foct  on  the  origin  of  the  brown  ferruginous 
conglomerates  cemented  by  iron-oxide,  which  can  be  best  seen  at  Mr.  Keyes*  "pabt 
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with  ochrey  quartz  and  chloritic  beds,  occur  at  Pumpelljr's  hill,  at  N. 
qr.  post.  See.  6,  T.  39,  R.  18. 

Ferruginous  argillaceous  or  chloritic  schists  are  abundant  N.  of 
"Sec.  32 "mine. 

The  alternating  beds  of  banded  ferruginous  quartz  schists  (flag-ores), 
soft  iron-stained  argillaceous  and  chloritic  schists,  and  especially  the 
characteristic  layers  of  white,  ochrey,  saccharoidal  quartz,  banded  with 
carbonaceous  slate,  which  characterize  the  Commonwealth  [3463-9] 
and  Eagle  [2152-4,  3277-80]  mine  series,  together  with  the  associated 
ores,  will  be  fully  considered  in  Mr.  Wright's  economic  chapter.^ 

J,  Eeturning  to  the  line  of  our  section  we  find  \  mile  N.  of.  lake 
Eliza  at  the  base  of  bed  XV,  magnetic  actinolite  schists^  interlami- 
nated  with  thick  and  thin  layers  of  white  quartz  and  containing  a 
layer  two  inches  thick  of  quite  pure,  black,  magnetic  ore  [2186],  which 
gave  49  per  cent,  of  metallic  iron.  This  passes  north  into  an  irreg- 
ularly banded  schist,  gray,  brown,  and  black  laminae  of  arenaceous 
quartz,  magnetite  and  actinolite  schist,  in  places  contorted  [3405-7]. 
Next  to  the  north  is  seen  a  brown,  hard,  magnetic,  slaty  schist,  with 
iron-rust  in  seams,  which  gives  a  dark  graphitic  streak. 

k.  Northeasterly  of  the  slate  (Commonwealth  rocks)  and  under- 
lying them,  is  the  quartzite  bed  XIV,  which,  near  this  section,  forms 
the  highest  hills  in  the  vicinity.  The  following  varieties  are 
exposed,  from  south  to  north : 

Coarse-grained  quartz-schist,  holding  white  reddish  and  blue  grains 
of  quartz. 

Quartzose  chloritic-schist,  resembling  novaculite,  but  coarser. 

QuartzitCy  massive  to  schistose. 

Chloro-quartz-schisty  colored  red  on  splitting  planes. 

Honey-yellow  to  purplish-red  quartz-schist. 

Light-gray,  faintly  banded,  massive  to  schistose,  quartzitCj  with  a 
distinct  N.  E.  dip  of  78*  in  the  splitting  planes.  Here  is  a  strong 
attraction  and  a  local  magnetic  variation  of  70*  W. 

Light-gray,  faintly  banded,  qicartz-schist. 

Grayish-white  quartz-schist/  dip  of  splitting  planes  85'  S. 

Two  more  beds  of  same  variety. 

mine,"  near  the  center  of  Sec.  25,  but  which  occur  at  several  other  points  in  the  neigh- 
borhood. They  are  apparently  formed  by  the  cementing  and  ferrification  of  the  soil, 
rootSy  etc,  together  with  the  underlying  sub-soil,  by  the  iron-oxide  released  by  the  sup- 
posed decomposition  of  the  pyrites.  No  true  bog-ores  were  observed,  but  they  ^1 
probably  be  found  by  exploring  in  the  swamps. 

'  He  has  already  given  a  preliminary  description  and  sketch  of  the  Commonwealth 
mine  in  the  Annual  Report  of  1877. 
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Another  bed  with  several  splitting  planes,  corrugated  like  the  mica 
schists,  suggesting  minute  ripple  marks. 

Light,  greenish-gray  qiuxrtz-schist. 

Another  bed  of  same;  dip  of  splitting  planes  82*  N.  E. 

Covered,  but  judging  by  the  number  of  boulders  of  chloritlc 
qtmrtz  schistj  suggesting  novaculite,  which  lie  on  the  surface*  it  is 
underlaid  by  this  rock. 

In  a  recent  test-pit  which  is  about  680  steps  N.  and  610  W.  of 
the  S.  E.  corner  of  Sec.  25,  i.  e.j  near  kj  is  exposed  irregularly  banded 
quartzUcj  in  places  conglomeritic,  and  chlorite  schist  Strike  N.  60  * 
W.,  dip  90*  [3404].  This  is  probably  the  uppermost  layer,  since  the 
plumbago  is  also  exposed. 

About  100  steps  S.  E.,  at  the  brow  of  the  hill,  the  quartzite  is 
banded  and  highly  contorted,  to  the  point  apparently  of  breaking  up 
some  of  the  laminae  into  fragments,  giving  it  the  appearance  of  a 
true  conglomerate,  which,  indeed,  it  may  be,  since  the  equivalent  of 
this  bed.  If .  of  the  Pine  river,  is  a  true  conglomerate-schist 

I.  QuartS'Schisty  light-gray  to  red  on  weathered  surface,  succeeded 
by  schistose  and  massive  quartzites  for  1000  feet. 

Covered  about  700  feet. 

m.    ChloTof  quartz-schist. 

Covered  about  600  feet. 

n.  Two  beds  of  quartz-schist  with  an  interval  of  100  feet  between 
them.  The  northern  outcrop  has  a  northerly  dip  of  75*  in  splitting 
planes. 

0.  Quartz  schist^  in  some  places  slightly  chloritic  and  containing 
conglomeritic  layers  with  rounded  pebbles  of  white  quartz;  also  jasper 
and  reddish  mica  [2187].    Some  beds  have  a  southerly  dip  of  80*. 

p.  Quartzose  schist^  in  places  conglomeritic  with  pebbles  of  white 
quartz,  and  in  one  place  highly  contorted;  800  paces  west  is  a  mass 
of  quartzite  1800  feet  thick,  the  northern  part  of  which  is  a  mica- 
ceous quartZ'Schistj  the  red  mica  lying  in  planes  oblique  to  the  princi- 
pal splitting  planes  [2218].  Another  variety  is  a  massive  gray  quartz- 
ite with  minute  silvery  micaceous  scales  (aventurine). 

Covered  about  2000  feet,  except  one  outcrop  of  quartz-schist. 

q.    Altered  conglomeratej  from  a  test-pit. 

Cleavage  f  bedding  and  joint  pUmes  of  the  quartzite. 

The  bedding  of  the  quartzite  XIV  is  very  obscure,  and  it  is  only 
after  many  days'  observation  in  1874  and  1878,  supplemented  by  the 
later  valuable  notes  of  Geo.  A.  Fay,  that  I  am  able  to  distinguish 
with  considerable  certainty  between  tlie  several  kinds  of  stractaral 
planes. 
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(1)  Most  conspicuous,  and  to  be  seen  nearly  everywhere,  is  a  fine, 
straight,  parallel  "linear  elongation ''  of  the  particles,  suggesting 
the  grain  of  wood.  These  lines  and  the  planes  which  they  mark  are 
very  constant  in  direction,  averaging  N.  80*  W.,  and  differing,  proba- 
bly, not  more  than  10'  from  this  bearing  anywhere  on  Sees.  2i  and 
25.  Their  dip  is  as  constant,  being  about  80*  to  the  S.  These  planes 
seem  to  often  mark  a  semi-schistose  structure,  producing  imperfect  flags. 
The  strike  and  dip  of  these  planes  is  exactly  parallel  with  that  of  the 
clay-slate  of  bed  XVI,  about  a  mile  and  a  half  S.  "W.,  and  is  not  par- 
allel with  any  considerable  number  of  known  bedding  planes,  which 
could  nol  be  the  case,  however,  since  they  are  constantly  varying  in 
direction. 

These  facts,  in  connection  with  what  follows,  leads  me  to  believe  that 
this  grain  ("  wuchs  ")  is  due  to  the  same  cause  which  produced  the 
cleavage  in  the  clay-slate.  Incipient  or  false  cleavage  planes  might 
be  used  to  express  the  idea.  I  have  seen  a  true  granite  at  Meissen  on 
the  Elbe,  which  splits  into  thin  flags. 

(2)  Nearly  at  right-angles  with  the  above  and  dipping  at  a  high 
angle,  are  occasional  well-defined  planes  and  cracks  which  are  un- 
questionable joints. 

(3)  At  rare  intervals  and  usually  seen  after  close  inspection,  can  be 
found  a  faint  banding  or  striping  in  the  quartzite,  and,  less  seldom,  a 
seam  or  layer  of  another  rock,  e.  g.^  chlorite,  which  are  the  true  bed- 
ding planes.  They  are  found  to  vary  from  N.  by  W.  to  W.  N.  W., 
averaging  perhaps  near  the  general  quartzite  area  as  marked  on  Plate 
VIII.  The  dips  of  these  planes  are  as  irregular  as  the  strikes,  although 
usually  at  high  angles  and  to  the  south;  northeasterly  and  easterly 
dips  were  observed,  and  in  one  instance  as  low  as  60*. 

Of  the  several  points  where  these  phenomena  can  be  seen,  two  are 
on  the  Indian  trail  leading  north  through  Sec.  25,  i,  ^.,  1800  steps  N., 
900  W.,  and  1900  N.,  900  W.,  of  S.  E.  Cor.  [3401-3].  Not  enough 
authentic  strikes  and  dips  of  bedding  planes  were  found  to  justify  us 
in  attempting  to  make  out  the  structure  of  the  quartzite  bed.  With 
minor  folds  it  is  believed  to  be  an  anticlinal. 
Description  of  Geological  Section^  B'B\  crossing  "  Sec.  32  "  shafts 

Commonwealth  range^  and  Eagle  Mine.    From  south  to  noHh. 

a.  "  Sec.  32  "  shaft.  Near  the  S.  W.  corner  of  Sec.  32,  T.  40  N., 
R.  18  E.,  Wis.,  is  a  shaft  62  feet  deep,  which  began  with  one  foot  of 
specular  ore  at  the  top,  increased  to  8  feet,  then  narrowed  up  to  less 
than  one  foot  at  a  depth  of  20  feet,  and  had  at  the  bottom  a  thickness 
of  about  ten  feet,  according  to  Mr.  James  Tobin.  Apparently  about 
two-thirds  of  the  material  from  the  shaft  is  a  rich,  merchantable. 
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granular,  specular  ore  (martite),  not  slaty,  but  in  places  showing  a  dull 
banding.  The  upper  portion  contained  the  greatest  admixture  of 
rock.  Except  in  its  containing  somewhat  more  pyrites,  this  ore  is 
identical  in  appearance  with  the  first  class,  granular,  hard  ores  of  the 
Marquette  region. 

Although  in  the  Commonwealth  range  (XV),  this  ore  differs  greatly 
in  appearance,  the  Commonwealth  ore  being  softer,  redder  and 
more  earthy,  suggesting  the  rich  brown  varieties  of  the  Marquette 
soft  hematites.  Analyses  and  fuller  descriptions  of  this  ore  will  be 
given  in  Mr.  Wright's  economic  chapter. 

Both  walls  of  the  ore-mass  are  banded  quartz  schist^  holding  lam- 
inae of  magnetic  and  specular  ore  and  martite.  The  quartz  is  of  the 
saccharoidal  character  which  characterizes  this  range,  and  in  places 
contains  flattened  pebble-like  pieces  —  whether  originally  pebbles  or 
since  formed  by  the  faulting  plications  and  attritions  of  the  laminiB, 
was  not  determined.  Within  60  steps  easterly  and  in  the  direction 
of  the  strike,  are  the  characteristic  chloritic,  argillaceous  and  carbon- 
aceous schists  and  slates,  uncovered  in  test-pits,  rendering  the  presence 
of  a  fault  probable. 

In  the  vicinity  can  be  found  ferruginous,  quartzosc,  chloritic  and 
argillaceous  schists  and  slates  in  every  variety  [2400-8,  2184,  3445-51]. 

The  natural  exposures  of  ferruginous  rocks  and  strong  magnetic 
attractions,  which  were  first  observed  by  Col.  Chas.  Whittlesey  at  this 
locality,  many  years  ago,  drew  attention  to  its  promise  of  merchant- 
able ores;  but  it  was  not  until  test-pits  were  sunk  by  H.  D.  Fisher, 
under  the  auspices  of  the  Commonwealth  Iron  Co.,  H.  A.  Tuttle, 
president,  in  the  summer  of  3876,  that  a  workable  deposit  was  found 
on  Sec.  34.  The  locality,  on  the  whole,  has  much  resemblance  to  the 
Michigamme  range,  except  that  it  is  far  less  magnetic  The  horizontal 
needle  varied,  however,  from  140**  E.  to  70°  W.  within  100  steps. 

Between  the  shaft  and  the  road,  to  the  north,  is  a  considerable  bed 
of  argillaceous  or  chloritic  slate,  presenting  much  variety  in  color 
from  the  presence  of  iron,  showing  green,  red,  brown,  drab,  and  beau- 
tifully mottled  colors  [2404-5]. 

J.  Under  the  roots  of  a  tree  is  a  loose  ledge  of  an  altered  earthy 
brown  arenaceous  chloriticf  schist  [2183],  which  produces  magnetic 
variation.  This  rock  resembles  and  has  about  the  same  stratigraphical 
position,  i.  e.y  at  the  base  of  XV,  as  (j)  of  the  preceding  section. 

c.  Clay  slate  and  (d)  qxiartzitey  with  covered  spaces  separating  them 
from  the  preceding  and  following  described  rocks. 

€.  Argillaceous  and  chloritic  slates  with  carbonaceous  slates  on 
the  S. 
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•*^  quartzites  d  and  dJ  [2i20]  belong  to  XT  or  XIY^  is 

'  is  probable  that  no  sliarp  line  divides  tliem.     There 

_-  -tj  however,  but  that  the  following  belongs  to  the  older 

nrine'*  gray  quartzUe.     A  very  extensive  outcrop,  in 

lilar  to  Th  described  below,  except  it  is  more  massive,  pre- 

ew  faint  traces  of  the  linear  parallelism  (incipient  cleavage) 

1  considering  this  quartzite  where  it  is  crossed  by  the 

Lion.    The  term  aventurihe  was  provisionally  applied  to 

this  rock  on  account  of  the  presence  of  minute  scales  of  a 

<:aceou8  mineral  which  gives  the  fresh  fracture  in  some 

a  beautiful  sparkling  appearance,  and  suggesting  the  possi- 

its  having  value  for  ornamental  purposes  if  polished. 

1  ding  the  quartzite  hill,  we  pass  several  outcrops  of  quartzite; 

X.  of  the  road  at  975  steps  N.,  1030  W.,  a  loose  ledge  of  a 

blackish,  fine-grained  schist  [3438-9],  with  quartz  laminse,  and 

Lceous  slates  near  it;  150  steps  to  theN.  is  another  large  expos- 

(|uartzite. 

Dark-green,  fine-grained  schist,  resembling  some  chloritic  green- 
schists,  but  which  Mr.  Julien  calls  hiotite-giieiaa  [3436-7].     The 
iiblance  of  this  rock  to  that  found  on  the  N.  side  of  the  quartz- 
glomerate,  near  the  S.  E.  corner  of  Sec.  20,  T.  39,  R.  18  [2809-10], 
interesting,  since   they  probably  have   the   same   stratigraphical 
Ition,  that  is,  immediately  underlie  the  great  quartzite;   and  in 
.mection  with  the  supposed  equivalent  series  in  the  S.  E.  J  of  Sec. 
>,  T.  39,  R.  17,  afford  the  best  clue  to  the  character  of  bed  ZIII. 
/his  is  the  more  important,  since  the  quartzite  entirely  disappears  to 
Jie  eastward. 

h.  In  a  hill  about  75  feet  high  is  a  large  exposure  of  massive, 
grayish  to  reddish  quartzUej  with  no  evidence  of  bedding  except  on  a 
few  square  inches  at  one  point.  On  the  top  of  the  ridge,  it  is  light 
gray  and  massive  [3434].  On  the  south  crest  the  weathering  influence 
has  in  places  extended  nearly  an  inch,  coloring  the  rock  reddish  and 
yellowish,  and  rendering  it  porous.     Fine  veins  of  white  quartz  cross 

what  appears  to  be  bedding.  

To  the  north  is  a  whitish-gray  quartz  st^hlst^  holding  Bcale? 
mica  (aventurine?),  and  being  colored  br:ck-red  in  certain  ii 
larply-defined  blotches  which  extend  into  the  rock. 
Argillaceous  or  chloritic  slate  in  a  bed  S  feet  thick,  imbi 
he  quartzite  near  top  of  the  hill.    Strike  N.  65"  AV,,  dii 

l3433].  ^ttkA 

CJdoro-qtuirtz  schist,  with  seams  of  reddiah  mics.     WHitfali* 

\ 
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highly  crystalline,  massive  to  schistose,  quartzite,  banded  with  aven- 
turlne  layers. 

j.  k.  Passing  N.  E.  over  a  flat  country  without  outcrops  or  attrac- 
tions for  ^\  miles,  we  reach  the  Eagle  mine,  where  there  is  a  repeti- 
tion of  the  Commonwealth  rocks,  already  fully  described,  save  tliat  no 
workable  mass  of  equally  rich  ore  has  been  found,  and  the  orey  rocks 
suggest  rather  hydrated  or  brown  ores  than  red.  The  workings  have 
exposed  a  thick  bed  of  what  might  be  called  hematitic  "  flag-ore,"  the 
laminae  being  highly  contorted  [2154,  3280-4J.  The  nsual  irregular 
vein  and  nodular-like  masses  of  quartz  which  generally  occur  in 
sharply  plicated  beds,  are  found  here.  Clay  slates  occur  south  of  the 
ore,  and  are  extensively  developed  to  the  N.  W.  [3277-8].  East  and 
south  is  an  abundance  of  carbonaceous  slate.  In  the  hill  just  south 
of  the  exploration  house  are  the  best  examples  of  the  occurrence  of 
white  and  ochrey  saccharoidal  laminae  in  clay  and  carbonaceous  slates 
[2153,  3279].  For  analyses  and  full  description  of  this  promising 
iron  location,  see  Mr.  Wright's  economic  chapter. 

The  broad  belt  of  flat  country  without  outcrops  or  magnetic  attrac- 
tions dividing  the  Commonwealth  and  Eagle  iron  ranges,  has  made  it 
impossible  to  discover  their  structural  relations.  Their  identity  in 
lithological  character  places  their  equivalency  beyond  all  question. 
The  absence  of  the  great  quartzite  at  both  the  Eagle  and  the  Common- 
wealth is  puzzling,  and  points  toward  the  probability  of  each  being  an 
anticlinal.  The  contorted  laminae  at  the  Eagle,  point  unmistakably  to 
the  presence  of  a  fold,  but  no  such  evidence  was  observed  at  the  Com- 
monwealth. Since  future  workings  are  likely  to  soon  supply  addi- 
tional facts,  it  is  not  worth  while  to  conjecture  farther  on  present  data. 

7.  Lower  Brale^  Mlchigamiiie^  and  Paint  rivers  sections.  T. 
40  N.,  R.  18  E.,  Wis.,  and  T.  41  N.,  R  31  W.,  Mich. 

Description  of  Geological  Section  A-AJ  See  Plate  IX.  From 
south  to  north,  crossing  folds. 

No.  </  bed,  TMckne$i  in  ftU 

a.     Light-grayish-green,  fiae-grained  greenstone,  somewhat  schistose 
and  chloritic. 
Covered. 
h.     Dark-green  chloritic  schist,  somewhat  arenaceous. 
Covered. 

c.  Light  greenish-gray  greenstone  schist  (kersantite?)  [3292] 100 

Covered 100 

d,  Chloritic  schist 50 

Covered 500 

Chloritic  schist 75 

Covered 150 

Chloritic  schist 75 
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Ifo.  f](f  bed.  Thickntss  in  feet. 

Ck)vered 200 

e.     Light  greenish-gray,  fine-grained,  massive,  chiorUic  greenstone 

(kersanite)  [3295J 100 

Covered 400 

/.     Chloro-quatiz  schist ,. . . .  75 

Covered 400 

XVJL    g.     Fine -grained,  massive,  joint3dgre3ni8h-gray<i*a6M«  [2 155J  ..••  250 

Just  east  in  the  edge  of  the  bluff  overlooking  the  river,  the  green- 
stone becomes  more  schistose,  apparently  chloritic,  and  con- 
tains narrow,  irregular  veins  of  dark  purplish  to  brown,  fine- 
grained, hematite  ore  [2156,  3300].  This  is  the  "Ellwood 
Mine,*'  where  considerable  work  has  been  done  on  veins  2  to  12 
inches  thick.  In  1874,  I  dissuaded  the  owners  from  working 
here,  but  they  did  not  follow  the  advice.  They  are  the  best 
characterized,  in  fact,  except  the  Gilmore  mine  in  the  Marquette 
region  the  only,  veins  of  iron  ore  I  have  seen. 

Covered ,150 

XVI.  h.    Greenish-drab  chloro-argillaceotis  ?  slate,  in  places  colored  with 

oxide  of  iron  [2157] 100 

Covered • 250 

S2a/^  identical  with  A 150 

Covered • 150 

S^^e,  identical  with  A 50 

Covered 225 

XVII.     ».    Very  tough,  fine-grained,  green  diabase  [21 75] 100 

Covered 50 

j.  Tough,  hard,  green,  fine-grained  hornblende  schist,  in  places 
massive  and  jointed  [2172],  graduating  towards  t  into  a  softer 
variety,  suggesting.chloritic  schist,  and  a  little  farther  south  be- 
coming soft  and  exceedingly  tough  [2173]* 400 

Covered 400 

k.    Tough,  blackish-green,  homhlende  schist,  with  oblique  cleavage 

[2171]> 20 

Soft,  olive-green,  shaly,  chloritic  schist  [2170] 20 

XVIIl.  I.  Brul6  clay  states.  All  shades  of  slate  color,  graduating  into  pre- 
vailing greenish-black  varieties  [3315-20].  In  the  southern 
part  of  the  bed  is  a  grayish-black,  carbonaceous  variety  [2169], 
Cleavage  is  perfect,  and  appears  to  be  the  bedding,  as  no  other 
marking  can  be  seen.  Strike  of  cleavage  seams  N.  85"  E.,  dip 
vertical.    Contains  large,  bunchy  veins  of  white  quartz,  around 

/  which  the  slate  laminsB  are  warped.  • 600 

Covered 100 

m.    Massive  to  schistose,  green  to  grayish-green,  hornblende  rock 

[2167].  Micaceous  and  dioritic  varieties  occur  [3321-2] 100 

Covered 30 

n.  Gray-green,  perfectly  laminated  clay  slate,  like  o,  possibly  chlo- 
ritic [2166] 80 

Covered 150 

0.    Chloritic  (argillaceous?)  slates,  from  green  to  black,  splitting 

I  Mr.  Wright  provinlonally  called  these  rocks,  chloritic  amphibole  rock. 
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Ko.qfbed,  Thickne$$  in /e4i 
into  long,  thin  prisms,  containing  bunchy  veins  of  white  quartz, 
conforming  with  cleavage  and  bedding  (?)  planes  [2164].  A 
system  of  strong  and  nearly  horizontal  joints  is  conspicuous. 
On  the  south  is  a  black  slaiy  and  apparently  carbonaceous 
variety  [2165] 800 

Covered.    (Later  observations  find  mica  schists  on  the  west  side 
of  the  river  [3326-8].) 
p.    Quartz  schist  containing  micacous  layers,  jointed  and  in  places 

massive,  becoming  micaceous  and  schistose  to  the  south 150 

Covered 800 

XIX.    q.    Series  at  mouth  of  Paint  river. 

Mica  schist 25 

Covered ..• 15 

Mica  schist  jpBJBong  into 6 

Quartzose  mica  schist  graduating  into 10 

Mica  schist  which  passes  into 9 

Quartzose  mica  schist 40 

MoBsive  quartzite • 20 

Mica  schist  vfi\h  qnwciz  veins 20 

Massive  gray  quartzite,  jointed,  forming  barrier  rock  at  falls. .  40 

Covered,  possibly  a  fold. 
r.    Micaceous  quartzite 25 

Covered 50 

Mica  schist 25 

Description  of  Geological  Section  B-B',  See  Plate  IX.  From 
south  to  north,  crossing  several  folds,  making  it  impossible  to  deter- 
mine the  thickness  even  approximately. 

No.  <^  bed,  Thickne$t  in  feet, 

a.    About  ]4  ™ii6  ^^^  of  the  section  in  the  S.  %  of  Sec.  14  are  several 
outcrops  of  more  or  less  schistose  greenstone,  often  apparently 
chloritic,  which  Mr.  Julien  designates  kersantites  [3239-42], 
The  apparent  strike  of  these  rocks,  about  N.  W.,  and  their  iso- 
lation, makes  it  impossible  to  establish  their  relation  with  the 
following  series. 
Covered. 
XVIII.    h,    Chloritic  (?)  schist. 
Covered, 
c.    Chloro-quartz  schist,  probably  argillaceous.    Half  a  mile  west  in 
the  same  bed  is  chloro-day  slate  [2147]. 
Covered. 

At  the  Islands  rapids  the  supposed  equivalents  of  (  and  c,  are 
more  fully  developed.    See  description  below. 
XVII.    d.    Coarse-grained,  dark  grayish-green,  homhhndic  greenstone  [2149], 
Ledge  150  feet  high.    Westerly  in  this  bed  are  several  outcrops 
of  various  greenstones. 

e,  Chloritic  schist. 

f,  Homhlendic  greenstone  like  d,  and  hornblende  schists  [3249-^1  J. 

g,  Chloritic  schist. 
Covered. 
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UTo,  qf  b4d,  ThUkness  in  f«H. 

Chtoritic  schist, 
h.    Fine-grainecl  diorite  [3253];  to  the  north  becoming  micaceous  and 
chloritic  [3255-6]. 
Covered.    ( W.  N.  W.  on  river  bank  are  ledges  of  greenstone,  with 

large  dykes  of  quartz  and  ehhritic  schist,) 
(Later  observations  find  cJiloritic  (?)  schist  [3257-9]  and  green' 
stone  schist  [3260-1]  between  h  and  %,) 
».    Arenaceous  chloritic?  schist  on  north  side  of  river.  Biotite  schist 
occurs  to  the  east  on  the  south  side  of  the  river  [3262-3]. 
Covered. 
XVIII.   j.    Massive,  jointed,  gray,  often  micaceous,  qitartzite,  with  minute 
crystals  of  feldspar  [2151,  8267].     About  500  steps  west  are 
mica  schists  [3264-6],  and  still  farther  west  and  north,  is  a 
highly  altered,  ferruginous,  gametiferous  mica  schist  [3236]. 
k.    Michigamme  Falls  series. 

Mica  schist  \2l^] 50 

Gray  micaceous  quartzite  ....  20 

Quartz  schist,  graduating  into  chloritic,  with  veins  of  white  quartz 

and  red  feldspar 40 

Massive,  coarse-grained,  hard,  jointed,  micaceous  quartzite  [2158]  20 

Chhro  9  quartz  schist,  vatying  from  a  true  massive  quartzite  to  a 

micaceous  schist .....^ 65 

Quartzose  micaceous  schist 50 

Covered 2,000 

XIX.    I,    Micaceous  quartz  schist,  graduating  into  a  mica  schist  with  cor- 
rugated surface  [2145] 100 

Covered 1,000 

At  Cedar  Portage,  and  just  below,  are  the  following  varieties  of 
mica  schist  and  quartzite,  all  dipping  south: 

m.    Minutely  corrugated,  soft,  silveiy,  mica  schist 

Covered 

Micaceous  quartz  schist .... 

Covered 

Mica  schist,  not  corrugated,  and  containing  large  grains  of 

mica 

Covered 

Corrugated  mtca  schist 

Covered 

Micaceous  quartz  schist 

Covered 400 

n.  Massive  to  schistose,  micaceous  quartzose  rock,  in  places  a  true 
quartzite,  cut  into  prismatic  blocks  by  strong  vertical  E.  and  W. 
joint  planes.    The  dip  of  bedding  planes  is  about  45°  to  the 

south 25 

Covered 50 

Mica  schist 

Micaceous  quartz  schist '.••.... 

Covered 80 

Mica  schist ") 

Massive  schistose  micaceous  quartzite  [2159] I        *^ 

Mica  schist J 


200 


} 


25 
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Xo.  qf  bed.  Thick.iem  im  /wT. 

Covered 20 

Massive  greenish-gray  quartzUe,  in  places  micaceons.    Forms 

barrier  rock  of  main  fall ^ 

Covered ^^ 

Typical  corrugated  mica  schist^  passing  into  a  massive  gray 

quartzite • 25 

Covered. 

0,    iftca  8cAt9/,  somewhat  flaggy 800 

Just  east  is  a  micaceous  quartzite  [3273]. 

Covered S50 

p.    Gneiss ^ 

Covered. 

The  following  rocks,  g  to  y,  constitute  the  Long  Portage  series, 
dipping  north, 
g.    Mica  schists  more  or  less  quartzose,  similar  to  and  the  equiva- 
lents of  the  Cedar  Portage  schists  [1252-3J,  but  here  dipping 
north  or  in  the  opposite  direction,  proving  that  one  or  more 
folds  have  been  passed. 
Covered. 
r.    Mica  schist,  alternating  with  gneiss,  generally  flaggy  or  schistose 

[2452] 1250 

About  I^  miles  west,  and  a  little  north,  is  an  outcrop  of  mica 
schist  containing  staurolite  [2160].  The  same  rock  crosses  the 
Paint  one  mile  farther  west  and  north,  where  it  also  contains 
staurolite.  This  is  important  and  interesting  since  this  min- 
eral characterizes  the  same  bed  of  mica  schist  (XIX)  in  the 
Marquette  region,  where  it  is  associated  with  andalusite.  Nei- 
ther mineral  has  been  observed  elsewhere  in  the  series. 
8,    Hornblende  schist  or  gneiss,  black,  slaty,  banded  with  gneissic 

kyera  [2453] 100 

t    Oneiss  Kad  mica  schist 900 

Covered 150 

u.    StauroJitic  mica  schist  on  south,  overlaid  with  mica  schist  and 

gneiss  [2ibb] .* 400 

Covered 150 

V,    Gneiss 100 

w.    Mica  schist 100 

X,    Micaceous  quartz-schist  or  gneiss  [2)Sl,  2457] 250 

Covered 500 

y.    Gneiss 150 


We  have  now  arrived  at  the  limit  of  the  large  scale  map,  Plate  Dl, 
which  ends  the  detailed  description.  Referring  to  the  atlas  map  of 
the  Menominee  region,  we  may  carry  an  outline  section  several  miles 
farther  north  and  embrace  some  very  interesting  and  little-known 
Huronian  beds,  which  are  undoubtedly  the  youngest  of  the  series. 
Just  above  the  head  of  the  Long  Portage  trail  is  a  heavy  bed  of  gn€i9s^ 
dipping  north  at  a  high  angle.  From  this  point  to  the  Norway  Port- 
age, about  seven  miles  N.  E.  by  N.,  as  the  bird  flies,  are  occasional 
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outcrops  along  the  river  of  hornllendic  and  other  rocks,  often  granitic 
in  appearance  [2383-5,  2458-63].  Thej  are  probably  the  equivalents 
of  the  hornblendic  and  granitic  rocks  so  prevalent  for  many  miles  to 
the  eastward,  as  well  as  for  some  distance  to  the  west  and  northwest. 
See  general  map.  These  rocks  are  assigned  to  the  granitic  bed  XX. 
See  a,  Big  Quinnesec  section,  No.  3. 

Having  crossed  the  broad  synclinal,  undoubtedly  possessing  minor 
folds,  we  find  it  limited  on  the  north  by  the  Norway  Portage  chloritic 
and  hornblende  schists,  exposed  for  a  thickness  of  over  1,000  feet 
[2387-98].  They  dip  south  at  a  high  angle  under  the  granite  horn- 
blende belt  just  described,  and  are  probably  the  equivalents  of  some 
portion  of  the  Long  Portage  series  on  the  opposite  side  of  this  syn- 
clinal, although  these  differ  from  the  prevailing  rocks  of  that  series, 
in  being  decidedly  more  chloritic  and  hornblendic. 

Islands  Rapids  heds  Menominee  river,  on  Sec.  18,  T.  40  N.,  R  19 
E.,  Wis.,  from  south  to  north. 

CMorilic  f  slate  with  strong  cleavage  planes,  graduating  into  a "^ 

Quartzoae  schist,  and  this  into V        80 

Massive  gray  quartzite J 

CJovered 300 

Chloritic  schist 10 

Covered 70 

^larfzito,  with  soft  schistose  layers 25 

Chloritic  schiiftf  with  quartzose  layers 30 

Covered 10 

Alternating  beds  of  chloritic  and  quariz  schist,  graduating  into  each  other 65 

Covered 25 

A  series  of  alternating  beds  of  chloritic  schist,  quartz  schist  and  quartzite 50 

River. 

Alternating  beds  of  chloritic  schist,  chloro-quartz  schist,  and  massive,  jointed 

quartzite  [20%} 80 

Separating  the  quartzite  and  the  chloritic  schist  is  a  vein  of  white  quartz. 

400  to  700  steps  north  is  a  massive,  reddish-gray  quartzite. 

The  above  rocks  belong  to  bed  XVIII,  so  far  as  their  age  is  fixed, 
and  are  supposed  to  bo  the  equivalents  of  b  and  g  of  Section  B-B ' 
above  described,  as  well  as  of  the  Michigamme  Falls  series,  k.  These 
latter  rocks  are,  however,  micaceous.  Since  the  Islands  Rapids  rocks 
were  only  provisionally  named  in  the  field,  and  no  pieces  taken,  they 
may  be  more  micaceous  than  chloritic. 
Vol.  III. -32 
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CHAPTER  III. 

MINERAL  COMPOSITION,  TRANSITIONS  AND  ASSOCIA- 
TIONS  OF  THE  MENOMINEE  JtOCKS. 

While  the  leading  idea  of  the  following  popular  description  of  the 
Huronian  rocks  of  the  Menominee  region,  and  comparisons  instituted 
with  rocks  of  corresponding  age  of  other  districts,  is  to  make  it  use- 
ful to  the  explorer,  prospector  and  land-owner,  the  grouping  employed 
and  the  mode  of  treatment  being  based  on  their  associations  and  tran- 
sitions, one  into  the  other,  will,  I  believe,  have  interest  to  the  geologist. 
It  is  too  often  the  case  that  lithologists,  from  lack  of  opportunity  or 
taste,  describe  and  classify  rocks  with  little  reference  to  their  relations 
to  each  other,  their  locality  and  stratigraphical  position.  Rocks  made 
at  one  time,  or  at  one  spot,  or  under  identical  conditions,  are  here 
placed  together  so  far  as  possible,  although  they  may  differ  widely  in 
composition  and  physical  character. 

*'•  Nearly  all  rocks,"  says  Prof.  Dana,  "are  combinations*  of  two  or 
more  minerals,  and  are  not  definite  compounds,  hence  not  species  in 
the  scientific  sense  of  the  word,  only  kinds."  The  limits  between 
these  kinds  are  ill-defined,  one  graduating  insensibly  into  the  other. 
For  example,  the  Huronian  marbles  pass,  through  the  accession  of 
sand,  an  original  deposit,  into  quartzite  —  a  totally  different  rock.  In 
other  cases  the  change  comes  through  the  alteration  of  an  original  con- 
stituent mineral  into  another,  as  in  the  case  of  the  amphibole  constit- 
uent of  the  crystalline  greenstones,  which  is  often  observed  completely 
changed  into  chlorite  or  mica.  Pseudomorphism  has  converted  cer- 
tain actinolite  schists  into  a  kind  of  iron  ore. 

It  would  be  very  desirable  to  trace  in  every  case  the  exact  nature 
and,  if  possible,  the  cause  of  the  observed  transition,  but  so  much  of 
this  as  has  not  been  incidentally  covered  by  Dr.  Wichmann  must  be 
left  to  the  future  investigator.  Should  such  investigation  aim  at  being 
comprehensive  and  exhaustive,  the  large  number  of  specimens  col- 

'  Mechanical  mixtorea,  I  think,  would  often  express  the  idea  better. 
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lected,*  the  facts  here  given  as  to  location,  stratigraphical  position  and 
>^ associations,  will,  it  is  believed,  have  much  value. 

At  present  lithology  seems  to  be  in  a  chaotic  and  transition  state. 
We  are  breaking  away  from  old  nomenclatures  and  methods  of  inves- 
tigation, and  have  as  yet  little  that  is  universally  accepted,  or  that 
surely  will  bo  final.  Chemistry  and  mineralogy,  alone  or  united,  deal- 
ing with  collections  of  hand  specimens,  have,  it  seems  to  me,  failed: 
let  us  add  stratigraphy  and  give  more  weight  to  what  can  be  gathered 
only  in  the  field.  If  all  united  can  bring  a  satisfactory  nomenclature 
and  classification  to  embrace  all  crystalline  rocks,  it  will  certainly  be 
a  great  achievement  in  science.  Meantime  we  need  not  be  afraid  to 
use  our  old  and  somewhat  vague  terms  in  describing  obscure  and  ill- 
defined  kinds  of  old  rocks,  which  are  constantly  transforming  them- 
selves by  devious  ways  into  other  equally  vague  kindsy  striving,  it 
would  appear,  to  elude  the  grasp  of  the  investigator. 

Holding  these  views,  I  shall  only  attempt  to  separate  and  consider 
the  most  abundant  and  conspicuous  groups  which  are  bounded  by  the 
broader  lines,  and,  in  describing  these,  will  deal  chiefly  with  their 
more  obvious  physical  characters,  leaving  to  specialists  the  work  of 
ascertaining  the  exact  mineral  composition,  nice  distinctions,  and  the 
application  of  the  new  nomenclature.  By  the  aid  of  specimen  num- 
bers,^ everywhere  scattered  through  the  text,  reference  may  be  made 
to  the  index  and  thence  to  the  minute  descriptions  of  Messrs.  Wich- 
mann  and  Wright.' 

The  former  describes,  in  Chap.  V,  the  minerals  entering  into  the 
composition  of  rocks  and  their  lithological  combinations,  and  these 
need  not  be  here  re-described.  Dr.  Wichmann,  who  had  no  opportu- 
nity to  study  the  rocks  in  the  field,  based  his  classification  on  the 
mineralogical  composition  and  physical  condition  of  the  rocks. 
This  classification  has  the  sanction  of  some*  of  the  most  eminent 
European  lithologists,  and  is  undoubtedly  the  best  for  the  arrange- 
ment of  specimens  considered  apart  from  their  locality,  associations 
and  mode  of  occurrence.    It  was  necessarily  the  only  one  available 

'My  entire  collection,  embracing  every  specimen  named  in  this  report,  is  now  de- 
posited in  the  Amer.  Maseom  of  Natural  History,  N.  Y.,  where  it  is  accessible  to 
students.    Those  specimens  to  be  found  at  Madison  are  gvren  in  the  index. 

*Ck>llection  numbers  oxe  bracketed,  thus,  [  ];  typical-suite  numbers,  thus,  ( ).  See 
Index. 

'Their  chapters  and  this  one  having  been  prepared  at  widely  different  times  and 
places,  could  not  have  been  brought  together  had  it  been  desired.  Each  one  has 
attempted  to  make  his  work  complete  as  far  as  possible  without  reference  to  the  other. 
The  original  idea  was  that  Mr.  Wright's  chapter  on  lithology  should  form  a  part  of 
this  report.    It  is,  however,  given  in  his  independent  report,  following  this. 
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to  him.  In  the  Am.  Jour.  Sci.,  Vol.  XII,  Sept.,  1876, 1  arranged  all 
of  the  Huronian  rocks  then  known  to  me,  and  which  had  been  deter- 
mined by  competent  lithologists,  according  to  Dana's  classification 
(Manual  of  Geology,  1875). 

I  believe  that  the  study  of  these  rocks  from  the  standpoint  above  indi- 
cated, in  connection  with  the  preceding  sequence  of  strata  (Table  III), 
will  throw  light  on  the  important  question  of  how  much  weight  can 
be  attached  to  lithology  in  determining  the  equivalency  of  more  or 
less  widely-separated  series  of  crystalline  rocks.  Writing  on  this  sub- 
ject, Mr.  Hawes  remarks  that  "  like  rocks  indicate  like  conditions, 
and  nothing  more.  If  there  is  a  general  similarity  in  the  composi- 
tion and  crystalline  condition  of  a  series  of  rocks  in  Michigan  and  on 
the  Connecticut,  it  indicates  like  conditions  for  the  accumulation  of 
sediments  and  like  location  with  reference  to  forces  producing  recrys- 
tallization.  See  remarks  on  greenstones,  p.  233,  Gkol.  of  New  Hamp- 
shire, Part  IV."  Had  Mr.  Hawes  found  certain  kinds  of  rock 
occupying  the  same  stratigraphical  position  in  the  two  named, 
together  with  other  intermediate  series,  an  exceedingly  improbable 
case,  I  admit,  then  we  should  have  on  a  continental  scale  what  I  have 
found  true  in  a  basin  which  may  have  contained  20,000  square'miles. 
See  remarks  on  this  subject  in  Chapter  I,  and  of  Dr.  Hunt,  in  Ap- 
pendix A.  For  reasons  given  in  the  letter  of  transmittal,  I  shall  not 
attempt  to  follow  it  here.  In  a  drift  region,  where  there  are  few  out- 
crops (and  these  hard  to  find  in  the  forests),  no  fossils,  vertical  dips 
and  strikes  at  every  point  of  the  compass,  like  the  one  in  which  I  fiave 
labored,  the  field-geologist  is  driven  to  closely  heed  the  lithological 
characters  of  the  rocks  as  his  best  help  in  identifying  beds.  Follow- 
ing this  method,  I  have  proved  to  my  own  satisfaction  that  certain 
formations  (e.  g.,  V  and  XIX)  retain  essentially  the  same  mineral 
character  for  a  distance  of  over  60  miles  in  one  direction,  and  one  of 
them  at  least  for  150  miles  in  another.  I  see  no  reason  why  this  may 
not  be  true  for  much  greater  distances,  provided  the  basin  be  sufli- 
ciently  extensive.  The  composition  of  other  horizons  is  more  or  less, 
often  entirely,  changed. 

1.    Iron  Ore  Bocks.    They  are  subdivided  into: 

A.  MagnetitcSy  aiid  magnetic  quartzose  and  amphibolic  rocks. 

B.  Specular  hematites^  martites  and  sUiceoics^  jaspe^y  and  argil- 
laceoic8  hematitic  rocks. 

C.  Limonitic  quartzose  ores  and  rocks^  often  containing  turgite 
hematite  and  mxinganese. 

These  varieties,  passing  as  they  do,  by  insensible  gradations  into 
each  other,  as  well  as  each  into  the  accompanying  quartzose,  horn- 
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blendic,  magnesian  and  argillaceous  rocks,  present  great  difficulties  in 
classification,  especially  if  we  attempt  to  introduce  the  economic  idea, 
as  in  this  case. 

The  more  obvious  transitions  of  these  several  ores  of  iron  into  each 
other  and  into  the  associated  rocks,  are  as  follows: 

Magnetic  and  hemaiitic 
actinolite  schists  (sometimes 
called  tremolite  and  antho- 
phyllite),  which  occasionaUy 
become  rich  in  iron  through 
alteration  of  the  amphibole 
mineral,  are  not  uncommon. 


lii 
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The  hematites  and  limon- 
ites  of  the  Menominee  region 
(XV)  are  associated  with 
carbonaceous  shales  and 
true  day  slates.  In  the  Mar- 
quette region,  manganese 
accompanies  the  limonites. 

In  the  Marquette  region,  it  is  well  known  that  the  pure  magnetites 
are  only  found  in  the  Michigamme  district,  the  ores  losing  this  prop- 
erty entirely  to  the  eastward  and  westward,  and,  to  a  less  extent, 
southward.  The  facts  regarding  two  of  the  ferruginous  horizons  are 
here  given.  The  Menominee  region  affords  no  parallel  example,  as 
pure  magnetites  are  there  absent. 

Bed  XIII.    West  to  East. 
Magnetite  (massive,  granular). 
Magnetite  with  some  hematite  (purple  powder). 
Martite,  with  magnetite. 
Martite  and  hematite. 
Specular  ore  (massive). 
'  Specular-hematite  schist. 
Micaceous-hematite  schist 
Limonitic  specular  ore. 
Turgite? 

Limonite  with  gOthite. 
With  these  ores  are  associated  small  interstratified  beds  of  day  and  chloritic  slJe,  and 
hydromica  schist. 
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Bed  Xn.    West  to  East. 

Red-banded  qnartzose  magnetic  ore. 

Red-banded  magnetic  qoartz  schist 

Red-banded  specolar  qnaztz  schist  (micaceous). 

Brown-banded  limonitic  quartz  schist. 

Brown  qaartzoee  limonitic  schist. 

Turgite? 

limonite  (manganiferous). 

Ochre. 
MagnetiteSy  Hematites  (usually  specular),  Limonites^  and  related 
ferruginous  rocks  are  very  abundant  in  the  Middle  and  Lower  Huro- 
nian,  especially  in  the  eastern  portion  of  Huronian  area  south  of  Lake 
Superior,  while  they  are  comparatively  rare  in  the  same  series  in 
Canada.*  At  least  seven  out  of  the  twenty  beds  of  the  Marquette 
region  are  ferruginous,  and  four  have  produced  first-class  ores,  and 
'  this  is  true  of  at  least  two  beds  of  the  Menominee  series,  VI  and  XV. 
The  rich  specular  hematite,  which  is  so  far  most  extensively  mined^ 
is  mostly  confined,  however,  to  bed  XIII,  in  which  the  richest  mag- 
netites  also  occur.  There  is  less  iron  ore  and  of  lower  grade,  so  far  a£ 
observed,  in  the  Black  Kiver  and  Penokee  series. 

The  magnetites  and  specular  hematites  graduate  into  each  other 
through  martite,  which  is  abundant.  They  are  also  sometimes  inter- 
stratified  in  the  same  bed,  although  seldom  in  juxtaposition.  Nearly 
the  same  may  be  said  of  the  hematites  and  limonites,  but  not  of  the 
latter  and  magnetites,  which  are  never  found  together.  These  facts 
support  the  hypothesis  that  these  ores,  whatever  their  origin,  were 
once  all  magnetites,  part  of  which  were  afterward  oxidized  to  hema- 
tites, and  part  of  these  in  turn  by  hydration  were  converted  into  limo- 
nites. 

While  magnetic  attraction  is  very  common  in  the  Pine  river  dis- 
trict, Wisconsin,  no  typical  ore  of  this  class  has  as  yet  been  found  in 
quantity.  In  my  Michigan  Report,  1873, 1  predicted  that  it  never 
would  be  found,  from  the  absence  of  boulders,  abundance  of  limonites 
and  related  ores,  and  the  peculiarities  of  the  local  attractions*  to  be  ob- 
served on  the  Michigan  side  of  the  river.  My  Wisconsin  investi- 
gations have  not  caused  me  to  modify  this  view. 

Iron-oxide,  except  as  disseminated  grains  of  magnetite  and  in  a 
few  instances  in  small  unworkable  beds,  is  entirely  absent  from  the 
Laurentian  and  Copper-bearing  series  of  the  Archaean  south  of  Lake 
Superior,  while  in  Canada  the  largest  deposits  are  reported  as  occur- 
ring in  the  Laurentian.    Titaniferous  iron  ore,  so  abundant  in  the 

» Use  is  here  made  of  my  "classified  list,  etc.,"  Amer.  Jour.  Sci.,  Sept,  1876. 
*  See  Plate  YII  and  explanations,  this  report. 
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Archsean  of  Canada  and  northern  New  York,  has  not  been  observed 
soath  of  Lake  Superior.  In  several  hundred  analyses  of  these  ores,^ 
I  have  only  once  seen  "  a  trace  '*  of  titanium  reported.  Franklinite 
has  not  been  observed. 

(A.)  Magnetites  and  Magnetic  Quartzose  and  Amphibolic  Rocks. 
Most  abundant  and,  except  tlie  amphibolic  kinds,  found  only  in  typi- 
cal forms  in  the  western  part  of  the  Marquette  region. 
a.  Rich  in  iron  (iron  ores). 

a  1.  Blackish  granular  magnetites,  massive  to  semi-schistose,  fine 
to  coarse  grained,  compact  to  friable  (39,  40,  41, 42). 

a  2.  Cryptocrystalline,  compact,  tabular,  schistose,  sometimes  con- 
taining actinolite  (17?) 

b.  Poor  in  iron,  rich  in  quartz  (magnetic  giiartzose  rods).    Most 

abundant  in  the  Marquette  region^  especially  in  the  western  parts^ 

also  very  abundant  in  the  PenoJcee  (Bad  river)  series. 

h  1.  Banded,  arenaceous  quartz  and  magnetic  layers  (52),  [732,*  734,* 
2184]. 

This  rock  was  found  in  the  western  part  of  the  Commonwealth 
property,  and  was  the  only  variety  of  ore  naturally  exposed.*  This 
ferruginous  quartz  schist  is  characterized  by  a  tendency  to  become 
conglomeritic  or  brecciated.  It  also  shows  more  or  less  of  the  sugary 
character  in  its  quartz  layers,  so  prevalent  in  the  Pine  river  quartzites. 

h  2.  Intimate  mixtures  of  magnetite  (with  hematite)  and  quartzose 
matter,  often  cherty  [80, 1741].  Magnetic  siliceous  schist  (flag  ore) 
(23, 15).    Both  varieties  graduate  into  ferruginous  quartzites. 

c  Ferruginous  rocks^  I'ich  in  amphiboUy  the  iron  oxides^  magnetic^ 
hematitic  and  ochrey^  including  snch  actinolitic  schists  as  are  rich  in 
iron.  Very  abundant  in  the  Menominee  region,  westerly  of  Lake  Eliza. 

c  1.  Banded  quartzose,  amphibolic  (actinolitic  according  to  Dr. 
Wichmann),  magnetic  schists  (130),  [2240].  The  distribution  of  this 
rock  is  not  yet  fully  made  out,  nor  is  its  stratigraphical  position  fixed. 
It  is  not  impossible  that  actinolite  occurs  in  appreciable  quantities  in 
two  horizons.  The  accompanying  magnetite  will  render  it  compara- 
tively easy  to  unravel  its  structure  through  magnetic  observations.  It 
is  interesting  to  note  the  rarity  of  amphibole  as  an  associate  of  rich 
iron  ores  occurring  south  of  Lake  Superior,  as  compared  with  those  of 
the  Eastern  States  and  Scandinavia.  The  Michigamme  mine  (magnetic) 
shows  considerable  actinolite  in  Ko.  4  shaft  Future  developments 
may  prove  it  more  abundant  than  now  appears  (1874). 

'  See  my  Mich.  Rep.,  Vol.  I,  Ch.  X,  1873.  *  See  Julien^s  description,  Mich.  Geol.  Rep., 
Vol.  II,  p.  183.  'Same,  p.  79.  ^  Rich  granular  specolar  ore  has  since  been  foond  in 
workable  qoantittes  at  this  locality  (154),  [3451],  which  is  known  as  "  Sec.  32  '*  Mint. 
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Since  the  above  was  written  a  much  more  important  distinct  bed  of 
this  rock  (152,  153)  has  been  made  out  west  of  Lake  Eliza,  which  is 
believed  to  be  younger  than  that  described  above.  See  Plates  VI, 
VIII.  Breitung's  Iron  Location,  in  Sec.  28,  T.  39,  K.  18  E.,  Wis.,  is 
believed  to  belong  to  this  bed.  Near  the  Pine  river  are  boulders  of  a 
good  granular,  steely  ore,  showing  brown  spots  on  fresh  fracture.  It 
is  unlike  the  ore  in  place,  described  above,  and  still  more  unlike  the 
Commonwealth.   There  is  every  probability  that  the  parent  bed  is  near. 

According  to  Dr.  Wichmann,  the  iron  ore  at  Penokee  Gap  is  a  re- 
lated variety  (148),  as  is  also  the  ore  from  the  Magnetic  mine,  Mar- 
quette region  (17). 

(?2.  Manganiferous  actinolitic  magnetite  schists  (58).  Only  in 
western  part  of  Marquette  region,  constituting  bed  XVII. 

eS,  Garnetiferous  actinolitic  magnetite  schist  (eklogite)  (27).  Only 
m  one  bed  in  the  Marquette  region. 

(B.)  Specular  Heraatitea^  Martites,  and  siliceous^  j(xsj>eryy  argil- 
laceovs  Hematitic  rocks.  Most  abundant  and  typical  in  the  eastern 
part  of  the  Marquette  region. 

a.    Rich  in  iron. 

al.  Granular,  massive  to  semi-schistose,  specular  hematite  and 
martite.  Usually  contain  a  little  magnetite.  Not  relatively  so  plenty 
as  the  magnetites  of  corresponding  structure  (5).  Abundant  in  the 
Marquette  region.  The  same  ore  has  recently  been  found  in  workable 
quantity  at  the  "  Sec.  32  mine,"  Commonwealth  company's  property, 
Wis.  (154)  [3451]. 

a  2.  Chloritic  semi- schistose,  specular  ores  (43),  not  abundant  except 
in  the  New  York  mine. 

a  3.  Specular-iron  schists,  often  slaty,  and  passing  into  micaceous- 
iron  varieties  (the  most  abundant  form  of  hematite)  (38,  45, 47,  48); 
only  found  in  the  Marquette  region  until  the  summer  of  1878,  when 
a  similar  ore  was  found  at  what  is  now  known  as  the  Norway  mine, 
in  the  Menominee  region.  The  quantity  does  not  seem  large,  how- 
ever, the  prevailing  ore  being  that  described  below  under  a  6. 

a  4.  Micaceous-iron  slaty  schist;  graduates  into  the  last,  a  3.  When 
interstratified  with  magnetic  ore,  it  usually  contains  magnetite  (46, 
49);  as  yet  only  found  in  the  Marquette  region. 

a  5.  Kaolinic  specular  schist  (2,  44).  Rare,  and  observed  only  in  the 
eastern  part  of  the  Marquette  region. 

a  6.  Purplish  to  pigeon  color,  shaly  to  sandy,  generally  rich  in  iron, 
dull,  fine  specular  ore  (136,  67).  Confined,  as  far  as  known,  to  bed 
VI,  Sturgeon  River  district,  Menominee  region.  It  is  now  being  pro- 
duced in  large  quantities  from  the  Breen-Quinnesec  range  of  mines. 
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Nearly  100,000  tons  of  Bessemer  ore  were  produced  the  first  year,  1878. 
This  ore  has  not  yet  been  found  in  Wisconsin,  although  the  formation 
exists  there,  as  is  elsewhere  proven. 

a  7.  The  earthy  red  oxide  ore  of  the  Commonwealth  mine.^  This 
ore,  while  closely  related  to  the  best  ores  of  the  Marquette  and  Me- 
nominee regions,  possesses  characteristics  which  are  new  and  need  to 
be  stated.  It  is  a  red-oxide,  intermediate  in  appearance  between  the 
specular  and  earthy  hematite  (limonite)  ores  of  Marquette,  probably 
identical  with  the  specular  ores  in  composition,  as  shown  by  Mr. 
Wright's  analysis.  It  is  believed  to  contain  too  much  phosphorus  to 
permit  its  use  for  steel.  It  may  be  called  a  soft,  red  oxide,  less  specu- 
lar  than  the  Marquette  ores.  This  soft  character  will  make  the  mining 
very  easy,  and  I  believe  help  the  reduction  in  the  furnace.  It  is  not 
like  any  Marquette  ore,  but  nearest  the  *'  hard  hematite  "  of  the  Jack- 
son mine.  Nor  is  it  at  all  like  the  Quinnesec  and  Breen  ores,  which* 
are  very  friable,  a  kind  of  specular  iron  sandstone. 

The  pure  ore  is  as  free  from  silica  or  jasper  as  any  I  ever  saw  when 
so  little  work  had  been  done.  The  small  amount  of  material  which 
will  require  sorting  out  seems  to  be  more  chloritic  than  quartzose, 
hence  less  objectionable.  While  the  ore  is  less  shining  or  specular 
than  the  Marquette  ores,  the  steely  luster  which  characterizes  some  of 
the  best  ores  of  that  region  is  common  here,  the  Commonwealth  ore 
being  much  softer.  Mr.  Tuttle  thinks  the  ore  gets  harder  on  exposure 
to  the  air. 

The  south  one- third  of  the  bed  is  more  siliceous,  having  both  the 
common  banded  form  of  the  Marquette  jaspery  ores  ("  mixed  ores  "), 
and  a  peculiar  form  of  white  quartz  which  seems  to  have  crystallized 
in  irregular  angular  cavities  in  the  ore,  presenting  the  appearance  of 
quartz  breccia,  with  matrix  of  specular  ore. 

Some  of  the  ore  in  and  south  of  the  shaft  has  a  red-chalk  (keil)  char- 
acter, i.  e.y  easily  cut,  very  red,  and  having  a  suggestion  of  chloritic 
schist  strongly  impregnated  with  iron  oxide.  The  Eagle  mine  is  un- 
doubtedly in  the  same  formation,  and  its  ore  resembles  the  Common- 
wealth;  but  containing,  as  it  does,  soveraA  per  cent,  of  water,  it  is 
more  nearly  related  to  the  limonite  class,  under  which  it  is  described. 

b.  Quartzose  specular  Hematites^  poor  in  iron,  rich  in  quarts. 
Abundant.     Gi'oduates  into  hematitio  quartsi  schist. 

h  1.  Banded,  micaceous  iron,  quartzose  schist  (16,  32,  33).  Abund- 
ant  in  the  Marquette  and  Menominee  regions,  Michigan. 

>  Thia  was  written  before  it  was  decided  that  Mr.  Wright  woald  prepare  the  Economic 
Report  on  the  Menominee  Region.  Could  I  see  hia  report  this  might  probably  be 
omitted. 
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53.  Banded  specular  iron  with  jaspery  quartz  ("mixed  ore"), 
the  laminae  often  plicated  and  faulted  to  the  extent  sometimes  of  pro- 
ducing a  breccia.*  Abundant  with  specular  ores  in  the  eastern  part 
of  the  Marquette  region  (37)  [1196].  Similar  but  more  jaspery  and 
less  ferruginous  rocks  occur  in  the  Black  River  series,  Mich.  (84).  A 
related  rock,  containing,  in  addition  to  the  specular  laminae,  minute 
gash  veins  of  spesular  ore,  occurs  at  Felch  Mt,  Menominee  region 
[999].*  Very  rich  hand  specimens  of  ore  can  be  obtained  at  the 
same  locality.  Closely  related  rocks,  but  magnetic,  occur  at  "  Sec. 
32  "  Mine,  Wis. 

hZ.  Intimate  mixture  of  specular  hematite  (often  magnetic)  with 
quartzose  matter,  often  cherty.  Hematitic  siliceous  schist  ("  flag  ore  "). 
Very  abundant  in  Marquette  and  Menominee  regions,  Michigan;  less 
common  in  Wis.  (68, 19,  36).  Sometimes  contains  grains,  apparently 
of  decomposed  garnets  (bird's-eye  ore)  (6). 

c.  Hematitic  argillaceous^  hydro-magnesian  and  micaceous  schists^ 
sometimes  graduating  into  limonitic  varieties,  and  usually  associated 
with  rich  iron  ore.  Poor  in  iron;  generally  diffused,  but  not  abund- 
ant. Included  under  varieties  of  clay  and  chloritic  slate  and  mica 
schist. 

C.  Limonites  and  related  hydrated  oxides  of  iron,  with  the  quartz- 
ose rocks  into  which  they  graduate. 

Earthy,  ochrey  brownish  and  yellowish  ores  derived  from  the  hydra- 
tion of  hematites  into  which  they  graduate.  They  often  contain  kao- 
lin and  manganese.  Occurring  in  irregular,  pockety,  masses  they  ap- 
pear to  be  residual  deposits  resulting  from  a  more  or  less  complete 
dissolving  out  of  the  silica  from  quartzose  hematite  schists  or  '^flag 
ores."  The  abrupt  transition  of  one  rock  into  the  other  is  common, 
one  end  of  a  specimen  being  a  ferruginous  quartzose  flag,  and  the 
other  a  merchantable  limonite  ore. 

a.  Rich  in  iron  (the  "  soft  hematite  ores  "  of  the  Lake  Superior 
iron  trade).  Abundant  in  the  east  part  of  the  Marquette  region,  and 
at  the  Breen  and  Emmet  mines,  Menominee  region,  associated  with  red 
hematites  but  never  with  magnetites. 

a  1.  With  little  or  no  manganese  (34,  35).  A  hard,  red  variety, 
rich  in  iron,  and  containing  four  per  cent,  of  water,  occurs  in  the 
Menominee  region,  at  the  Eagle  mine,  associated  with  chloritic, 
ochrey  clay  and  plumbaginous  schists  and  slates,  and  banded  with 
quartzose  schists,  often  ferruginous.    The  specimen  which  was  made 

*  See  Appendix  K,  Vol.  II,  Mich.  Geol.  Rep.,  for  description  and  figures  of  this  breccia. 
» Julien,  Mich.  GeoL  Rep.,  Vol.  II,  p.  81. 
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up  of  many  chips  collected  when  the  explorations  were  quite  limited, 
gave  Prof.  W.  W.  Daniels  (disregarding  fractions)  53  per  cent  of 
metallic  iron,  14  per  cent,  of  silica,  4  per  cent,  of  water,  34-1000  per 
cent,  of  phosphorus — a  good  ore.  More  recent  explorations  to  the 
north  have  discovered  still  richer  ores.  This  ore  is  evidently  closely 
related  to  the  Commonwealth,  but  contains  more  water.  If  found  in 
quantity,  and  low  enough  in  phosphorus,  it  would  rank  with  the  best 
soft  hematite  ores  of  the  Marquette  region,  although  harder.  See 
description  of  Commonwealth  ores  above. 

a  2.  Richer  in  manganese  (specimens  of  pure  pyrolusite  being 
sometimes  found)  (24,  25)  [893].  Confined  chiefly  to  bed  X,  Mar- 
quette region. 

h.  Poor  in  iron,  rich  hi  quartz,  often  ochrey.  Graduates  into  lim- 
onitic  quartz  schist.  A  very  siliceous  variety  of  the  two  prevailing 
kinds  in  which  a  less  proportion  of  the  silica  seems  to  have  been  dis- 
solved out  (26,  57)  [994,^  883^].  Generally  diffused  but  not  abund- 
ant.    Was  not  observed  in  the  Penokee  series. 

Those  desiring  fuller  and  more  strictly  scientific  information  regard- 
ing the  ferruginous  group  of  rocks  are  referred  to  the  two  following 
chapters  under  specimens  (39,  40,  41,  42,  17,  148,  magnetite);  (5,  67, 
135,  136,  25,  34,  35,  24,  43,  44,  hematite).  For  microscopic  charac- 
teristics exclusively,  see  specimens  [80,1741,2240  magnetite];  (16 
hematite);  [222,  549,  893,  limonite]. 

2.  Qnartzite.  One  of  the  most  widely  distributed,  both  strati- 
graphically  and  geographically  of  Huron ian  rocks.  In  the  Marquette 
region,  it  graduates  into  marble  on  one  hand  and  into  protoginel  on 
the  other,  with  intercalated  beds  of  novaculite  and  clay-slate  having 
oblique  cleavage.'  Occasionally  the  flaggy  forms  show  ripple  marks, 
and  on  Black  river,  Michigan,  the  false  stratification  of  the  original  sand- 
stone can  be  seen.  Semi-schistose  is  the  prevailing  structure.  Mas- 
sive varieties  with  no  marks  of  bedding  are  common. 

A  peculiar  linear  parallelism  in  the  quartz  grains,  giving  the  weath- 
ered surface  a  delicate  faint  banding,  suggesting  bedding,  but  which 
is  really  an  incipient  or  false  cleavage,  has  often  been  mistaken  for 
planes  of  stratification.  This  subject  is  considered  in  Chap.  II,  in  de- 
scribing the  Lake  Eliza  rocks.  According  to  Prof.  Irving  (see  Geol. 
of  Wis.,  1877,  vol.  II,  p.  504),  this  rock  is  extensively  developed  in 

>  Julien,  Mich.  Geol.  Rep.,  Vol.  2,  p.  82. 

^Thesame,  p.  83. 

'The  qaartziies  in  the  eastern  part  of  the  Marquette  regrion  were  for  the  first  time 
last  year  thoroughly  studied  by  Dr.  Rominger,  the  results  of  which  will  be  g^ren  in  his 
forthcoming  report. 
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heavy  beds  at  Baraboo,  in  central  "Wisconsin,  where  it  is  associated 
with  qnartz  porphyries,  a  rock  not  found  in  its  typical  varieties  in  the 
Ilnronian  of  Michigan.  Quartzite  also  occurs  in  the  Penokee  series. 
The  following  diagram  may  give  a  general  idea  of  the  chief  transi- 
tions of  quartzite  into  associated  rocks.  It  never  graduates  into 
greenstone  nor  amphibole  rocks. 

Gneiss.  Mica  Schist 

Micaceous  Quartz  Schist 
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xoioaE   aaiUKOKax 
Quartzite  and  Quartz  Schist 

^  (Not  indading  either  jaspeiy,  cheHy  nor  feiraginons  h 
H    varieties.)  * 

S       Holds  intercalated  beds  of  clay  slate  with  oblique  deavagfe, 

also  novaculite.    It  graduates  through  the  accession  of  other 

minerals,  in  the  direction  of  its  strike,  into 

MARQUETTE   REGION. 
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Talcy  Quartz  Schist  Dolomitic  Quarizit€. 

Protogine?  Dolomite. 

In  the  Menominee  region  are  two  beds  —  II,  which  is  wide-spread 
on  the  Michigan  side,  and  XIV,  quite  abundant  on  the  Wisconsin 
side.  Less  abundant  in  IX  and  XVIII.  In  the  Sturgeon  river  dis- 
trict. Bed  II  is  thick  and  massive,  forming  usually  a  high  ridge,  and 
north  and  east  of  Lake  Eliza,  Bed  XIV,  which  is  often  conglomeritic, 
has  the  same  character.  The  latter  is  largely  exposed  on  the  Lower 
Pine,  north  side,  where  it  usually  contains  specular  hematite,  and  is 
also  conglomeritic  and  schistose  in  structure.  This  bed  is  character- 
ized by  a  decided  sugary  (saccharoidal)  appearance,  both  of  the  mas- 
sive quartzite  and  of  the  pebbles  in  the  conglomerate,  which  is  not 
observed  in  the  Marquette  region,  nor  indeed  in  any  other  quartzites 
with  which  I  am  acquainted,  south  of  Lake  Superior.  Actinolite  (?) 
[1088]  and  specular  hematite  and  magnetite  occur  occasionally  as 
accidental  minerals,  and  less  often  garnets  [1722].  An  unctuous- 
feeling  (talcy?)  schistose  variety  occurs  in  Wisconsin,  and  it  is  talc  or 
mica  which  gives  the  quartzite  S.  E.  and  N.  of  Lake  Eliza  an  aven- 
turine  character  [2187,  2213,  2403,  2410]. 

A.  A  very  large  proportion  of  the  quartzites  are  white  to  light- 
gray,  sometimes  with  brownish,  greenish,  and  reddish  tints,  fine- 
grained, arenaceous,  massive  to  semi-schistose,  the  grains  often  glassy. 
Bed  II,  Menominee  region,  is  mostly  of  this  rock,  and  it  enters  largely 
into  Beds  V  and  XIV,  Marquette  region.    It  is  associated  with  the 
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slates  of  Huron  Bay,  and  occurs  in  the  Black  river  and  Bad  river 
series.  It  is  evidently  a  more  or  less  metamorphosed  quartz  sand- 
stone [361,  891,*  990,^  1251,^  1628, 1629],  (137,  21).  Sometimes  this 
rock  becomes  much  coarser-grained,  almost  granitoid;  e,  g.  (8),  which 
is  an  aggregate  largely  of  grains  of  glassy  quartz  and  black  mica  (?). 
[2088]  is  a  faintly-banded,  semi-schistose  variety.  [2085]  is  colored 
green  by  actinolite.  In  beds  XIV  and  XVIII  are  quartz  schists  con- 
taining some  unctuous-feeling  mineral  [2213,  2216].  At  Felch  Mt.,  a 
reddish  variety  of  this  qnartzite  contains  numerous  minute  seams  and 
veins  of  specular  ore.  It  will  be  classed  under  Ferruginous  Quartzose 
rocks. 

B.  Micaceoua  quartz  achiaty  often  conglomeritic.  Light  to  dark- 
gray,  fine-grained.  Typical  varieties  of  this  rock  occur  in  bed  XVIII 
(140),  [2206,  2222,  2225],  and  identical  rocks  [2223]  in  bed  XVII, 
Menominee  region.  In  the  Marquette  region,  the  micaceous  varieties 
are  usually  conglomeritic  and  ferruginous  [1085  *],  (51)  and  (50)  not 
conglomeritic.  Closely  related  are  the  conglomeritic  specular  schist 
[2224]  of  bed  XIV,  Menominee  region,  and  the  conglomeritic  variety 
containing  red  mica  (aventurine)  [2187].  In  Sec.  25,  T.  40,  R.  17, 
Wis.,  is  a  quartz  schist  containing  some  unctuous-feelings  hydrous- 
niagnesian  mineral  with  mica  (aventurine)  [2213],  and  'at  the  mouth 
of  the  Poplar  is  a  similar  rock  without  mica  [2216]. 

C.  The  micaceous  conglomerate  schists  of  B^  lead  us  naturally  to 
the  true  and  well  characterized  quartz-conglomerates^  which  occur 
chiefly  in  bed  XIV,  Marquette  region  [688,^  715  **  to  721,  727  ^  (145). 

D.  Closely  related  to  the  micaceous  quartz  schists,  and  associated 
with  them  in  bed  XVIII,  Menominee  region,  on  the  upper  Menom- 
inee river  where  they  are  very  abundant,  are  dark  grayish- green,  fine 
to  medium-grained  chloritic  and  micaceous  varieties  [2151,  2158, 
2095]  (138).  An  arenaceous  variety  [432]  from  bed  V,  Marquette, 
may  also  be  placed  here. 

E.  Medium  to  dark  bluish-gray,  arenaceous  and  slightly  com- 
pacted, with  numerous  minute  quartz  veins,  massive,  weathering  to  a 
brown  friable  sandstone,  the  coating  sometimes  being  an  inch  deep. 
This  variety  occurs  most  abundantly,  associated  with  cleavable  clay- 
slates,  south  of  Lake  Hanbury  [2256  to  2259,  1618]  (139).  It  is 
rarely  found  in  the  Marquette  region  [1447,  242].  Near  the  N.  E. 
comer  of  Sec.  3,  T.  40  N.,  E.  30  W.,  Mich.,  is  a  gray,  banded,  thinly 
bedded,  and  often  quite  friable  arenaceous  sandstone.    This  belongs 

>  Julien,  Mich.  Geol.  Rep.,  Vol .  II,  p.  79.  •  Ibid.,  p.  63.  » Ibid.,  p.  69. 

*  Julien,  Mich.  Geol.  Rep.,  Vol.  IT,  p.  66. 
•Julien,  Mich.  Geol.  Rep.,  Vol.  II,  pp.  61-63. 
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to  bed  II,  and  proves  its  great  range  in  texture,  i.  ^.,  from  glassy 
qnartzite  to  friable  sandstone. 

F.  A  peculiar  saech/iroidal  qtutrtz-schist  is  found  in  the  Common- 
wealth and  Eagle  Mine  series,  associated  with  clay  and  carbonaceoos 
slates;  and  a  very  similar  rock,  often  contorted,  occurs  in  the  mag- 
netic actinolite  schist  at  the  iron  location  near  quarter-post  between 
Sees.  27  and  28,  T.  40  K,  K.  17  E.,  Wis.  It  varies  from  white  to  a 
yellowish  ochrey  color,  and  is  quite  friable  [2191,  3389].  Uave  not 
observed  it  in  Michigan. 

G.  JasperSj  cherts,  hornstoneSy  and  related  siliceous  schists,  gray, 
black,  red,  green,  banded,  and  brecciated,  often  ferruginous.  With- 
out raising  the  question  whether  true  mineralogical  jaspers  occar, 
about  which  there  is  some  difference  of  opinion,  and  whether  such 
doubtful  rocks  can  be  separated  from  cherts  and  hornstones,  there  will 
be  considered  here  the  following  varieties: 

a.  Light  to  dark-gray,  banded,  cherty,  siliceous  schists,  having  a 
somewhat  deep  brown  weather-coating,  best  represented  in  the  Middle 
Huronian  at  Black  R  [1436, 1484,'  1441, 1500,^  1510.^  A  closely  re- 
lated rock  [1683]  occurs  in  the  North  Iron  Belt,  Menominee  region, 
and  also  at  the  Eagle  mine  [2152]. 

h.  Lydianstone  or  black  hornstone  occurs  in  the  Gogebic  region 
[1437]. 

c.  The  banded,  red,  ferruginous,  jaspery  schists.  The  purest  type 
of  this  rock  occurs  also  in  the  Black  River  region  [1485,^1486]*  (98).' 
But  the  most  abundant  and  best  known  variety  is  the  branded 
"jaspery"  schists  ("mixed  ores")  associated  with  the  specular  ores 
of  the  Marquette  region  [1196]  (37).  The  relations  of  these  rocks  to 
the  last  named  have  been  mentioned. 

d.  Brecciated  and  conglomcritic  varieties,  which  appear  to  have 
originated  from  an  internal  fracturing  and  displacement  of  the 
quartzose  layers  i7i  situ.  Abundant  in  the  Black  River  r^ion 
(85)«  [1490].«  See  Appendix  K,  Vol.  II,  Mich.  Geol.  Rep.,  for 
description  and  hypothesis  of  formation  of  similar  rocks  from  the 
Marquette  region. 

Those  desiring  fuller  and  more  strictly  scientific  information  regard- 
ing the  quartzose  group  of  rocks  are  referred  to  the  two  following 
chapters,  under  specimens  (8,  21,  50,  137,  139,  138,  145,  51,  26, 19, 
52,  23, 140, 16,  32,  33,  36,  57). 

For  microscopic  characteristics  exclusively,  see  specimens  [361, 891, 

'  Julien,  Mich.  Geol.  Rep.,  Vol.  II,  p.  83.         « Ibid.,  p.  83.         •  Ibid.,  p.  88. 
* Julien,  Mich.  Geol.  Rep.,  Vol.  II,  p.  87.    •Julien,  Mich.  GooL  Rep.,  V<^  II,  p.  167, 
•Julien,  Mich.  Geol.  Rep.,  Vol.  II,  p.  67. 
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1174, 1629,  734, 1T22,  732,  2205, 1088,  432,  1196,  1510,  1436,  1500, 
1441,  1683]. 

The  two  following  families  of  rock,  embraced  popularly  under  the 
general  term  of  "marble,"  so  graduate  into  each  other,  and  into  quartz- 
ose  varieties,  as  to  make  it  diflScult  to  draw  anything  like  sharp  limiting 
lines.  The  general  remarks,  it  is  believed,  will  apply  to  both  kinds. 
There  is  no  doubt  but  that  the  magnesian  (dolomite)  family  is  by  far 
the  most  prevalent.  In  using  "  marble  "  in  the  popular  sense,  we, 
of  course,  do  not  intend  to  embrace  quartzites  which  have  frequently 
been  mistaken  for  "  marbles,"  especially  in  the  Menominee  region. 
Except  possibly  in  small  variegated  blocks,  there  is  as  yet  no  promise 
of  economic  value  in  any  of  these  so-called  marbles. 

3.  Limestone  (marble). 

A.  A  white  crystalline  limestone  occurs  in  the  North  Iron  Belt, 
Sturgeon  river  district,  Menominee  region  (Bed  X?),  holding  numer- 
ous, large,  light-green  crystals  of  tremolite,  which  weather  black  and 
present  a  very  rough  weathered  surface  (142).  In  this  rock  Dr. 
Wichmann  observed  wollastonite,  as  well  as  fluid  enclosures.  The 
presence  of  tremolite  and  absence  of  magnesia  characterize  this  bed 
and  make  it  easy  to  distinguish  it  from  the  older  and  far  more  exten- 
sive dolomitic  horizon. 

B.  Siliceous  Limestone.  A  variety  in  which  the  quartz  exists  in 
grains,  appearing  on  the  weathered  surface  almost  like  sand  (141), 
occurs  midway  between  the  Marquette  and  Menominee  regions,  in  Sec. 
4,  T.  43  N.,  R  31  W.,  Mich.  I  have  regarded  it  as  belonging  to  Bed 
V;  but  it  may  be  younger. 

C.  Micaceous  limestone  (144),  brown  and  schistose,  observed  at 
one  point  only,  in  Sec.  13,  T.  47  N.,  R.  28  W.,  Mich.,  and  may  be- 
long to  bed  V. 

D.  Argillaceous  and  conglomerate  liTnestone,  in  thin  beds  on  the 
south  shore  and  on  the  island  in  Lake  Antoine,  Menominee  region 
[1786  to  1789].  Reticulated  seams  of  quartz  in  places  cause  a  peculiar 
pitted  weather  surface  [2957]. 

According  to  Prof.  Irving  a  "  siliceous,  crystalline  limestone  with 
some  white  quartzite,"  occurs  near  the  base  of  the  Penokee  series,  oc- 
cupying apparently  nearly  the  position  of  my  great  calcareous  and 
quartzose  formation  (V).  This  rock  has  not  been  observed  in  the  IIu- 
ronian  of  Central  Wisconsin,  nor  as  a  surface  rock  in  that  part  of 
Oconto  county  embraced  in  my  examinations.  That  it  underlies  the 
whole  of  the  Pine  R  district  at  some  unknown  depth,  there  can  be 
little  doubt.  The  reported  existence  of  "  marble "  associated  with 
quartzite,  south  of  the  Brule  R-  in  the  S.  E.  part  of  T.  41  N.,  R.  16 
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E.,  Wis.,  is  significant  and  well  worthy  of  investigation.  What  is 
known  about  it  will  be  foand  in  Mr.  Wright's  report  which  covers 
that  region.  Dr.  Rorainger,  State  Geologist,  of  Michigan,  has  spent 
two  seasons  in  investigating  the  eastern  part  of  the  Marquette  region, 
where  the  "  marbles  "  and  associated  quartzose  and  argillaceous  rocks 
are  extensively  developed.  His  report  will  greatly  increase  our 
knowledge  of  this  interesting  family. 

4.  Dolomite  Marble.  A  crystalline  limestone  containing  a  vary- 
ing amount  of  magnesia  to  the  point  of  becoming  a  true  dolomite 
marble,  is  abundant  on  the  Michigan  side  in  the  Menominee  region. 
Its  not  having  been  seen  in  Wisconsin  except  rarely  in  boulders,  is 
one  of  the  strong  proofs  that  the  Lower  Huronian  is  mostly,  if  not  en- 
tirely, concealed  there  by  drift  and  the  younger  Iluronian  beds.  This 
remark  will  probably  apply  with  equal  force  to  the  Breen-Quinnescc 
ore  (VI)  which  immediately  overlies  the  marble.  In  the  Marquette 
region  it  occurs  in  or  immediately  over  the  great  bed  of  quartzite,  and 
has  been  included  by  me  in  bed  V.  It  and  the  associated  quartzite  are 
interstratified  with  beds  of  novaculite  and  clay  slate,  with  oblique 
cleavage  [1635,  795,*]  (11).  It  is  often  quartzose  in  disseminated 
grains,  or  in  cherty  seams,  which  weather  black  and  give  the  surface 
a  ribbed  appearance  (143).  In  the  Marquette  region  it  is  light  gray, 
pink,  and  salmon-colored,  mottled,  fine  to  very  coarse-grained  [797'] 
(9).  In  the  Menominee  region  are  grayish  and  slightly  bluish,  fine- 
grained varieties  (66)  [1635,  2068].  All  the  specimens  designated 
above  came  from  the  same  marble-quartzite  bed  (No.  V)  which  the 
presence  of  this  rock  may  be  said  to  characterize.  No  accidental  min- 
erals except  quartz  and  calcite  have  been  observed. 

Those  desiring  fuller  and  more  strictly  scientific  information  re- 
garding the  calcareous  group  of  rocks,  are  referred  to  the  two  follow- 
ing chapters  under  specimens  (9,  11,  66,  142,  97,  144,  141,  143), 
and  for  microscopic  characteristics  exclusively,  see  specimens  [2086, 
1744,  21,  limestone];  [795,  1635,  797,  1626,  dolomite]. 

6,  Clay-Slates.  Clay-slates  baing  soft  rocks,  are  very  liable  to  be 
concealed  through  their  conversion  into  soil  by  weathering  influences. 
Again,  their  intimate  relation  with  and  transition  into  magnesian  and 
hydro-micaceous  and  carbonaceous  rocks,  renders  their  limits  very 
difficult  to  define,  hence  future  investigations  may  greatly  change  and 
improve  the  grouping  here  employed.  I  have  divided  them  provis- 
ionally into  three  groups: 

A.  Where  they  exist  as  subordinate  beds  in  qnartzites,  limestones 
and  actinolite  schists,  being  interstratified  with  layers  of  these  rocks. 
*  Described  by  Julien,  Mich.  Geol.  Rep.,  Vol.  II,  p.  57.    ^  Ibid.,  p.  58. 
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B.  Where  they  exist  in  independent  beds,  constituting  the  prevail- 
ing rock  of  a  given  stratum  or  horizon. 

C.  Where  thej  occur  in  subordinate  beds,  in  iron-ore  rocks,  alter- 
nating with  layers  of  the  same,  as  well  as  of  magnesian  schists.  All 
field  observers  of  clay  slates  are  aware  of  the  frequent  difficulty  of 
distinguishing  between  cleavage  and  stratification  planes.  The  oleav- 
age  planes  are  always  far  more  constant  in  strike,  and  parallel  with 
the  great  axes  of  folds  in  a  wide  region.  The  dip  is  always  at  a  high 
angle,  and  equally  constant.  The  stratification  planes  in  a  sharply 
folded  region  of  crystalline  rocks  would  naturally  average  in  strike 
and  dip  nearly  the  same  as  the  cleavage  planes.  It  is  not  impossible, 
therefore,  that  my  classification  into  those  having  oblique  cleavage, 
and  those  in  which  the  cleavage  is  undistinguishable,  but  yet  may 
exist  parallel  with  the  bedding,  is  largely  arbitrary.  The  instances,  I 
think,  are  rare  in  which  the  bedding  planes  could  be  readily  sepa- 
rated from  the  cleavage,  exc2pt  where  the  slates  were  associated  with 
other  and  harder  rocks.  These  may  be  supposed  to  have  interfered 
with  the  free  movement  of  the  argillaceous  material  during  the  period  of 
disturbance,  which  brought  the  beds  into  their  present  nearly  vertical 
positions,  just  as  a  miniature  model  made  up  of  difibrent  colored  layers 
of  wax  and  an  intercalated  sheet  of  lead,  and  brought  under  pressure 
to  illustrate  the  origin  of  cleavage  planes,  would  present  a  quite  dif- 
ferent  cross  section  from  what  it  would  if  the  lead  were  not  present. 
The  colored  bands  of  wax  would  certainly  be  much  nearer  parallel 
with  the  cleavage  planes  in  the  last  than  in  the  first  instance.  The 
thickness  of  the  argillaceous  and  intercalated  harder  beds  would,  of 
course,  modify  these  planes. 

The  following  diagram  illustrates  the  common  transitions  of  those 
varieties  of  clay  slate  not  associated  with  limestones  or  quartzites; 
t.  d.,  groups  B  and  C: 

Keil  (red  chalk).  Red  Iron  Ores. 

Ferrugrinoos  yarieties. 


Carbonaceous  and 
Plambag^oos  Slate 
and  Shale  and  Graph- 
ite. 


Clay  Slate. 

The  variety  usually  without  distinguish- 
able oblique  cleavage,  graduates  into 


O  ^  "g 

•  a  13 
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Chloritic  Clay  Slate. 
Chloritic  Schist. 

Also  into  a  talcy-feeling  soft  schist 
(hydro- micaceons?),  often  ferruginous. 
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A.  The  typical  clay  slates  with  oblique  cleavage,  and  affording  in 
some  instances  roofing  slate,  are  usually,  it  is  believed,  intimately 
associated  with  quartzites^  although  I  do  not  know  much  of  the  Huron 
Bay  slate  district  where  the  best  roofing  slates  are  found  (81).  It  oc- 
curs in  the  Negaunee  district,  in  bed  VIII  (20),  and  in  the  Menomi- 
nee region,  south  of  Lake  Hanbury,  in  bed  IX?  [1617, 1620]  (113). 
Compare  also  [983.^  When  these  obliquely-cleavable  slates  occur 
associated  with  calcareous  rocks,  as  in  bed  V,  easterly  from  Negaunee, 
the  slate  has  usually  more  or  less  of  a  novaculite  character  and  gray 
to  purple  and  greenish  tints,  instead  of  the  ordinary  slate  colors  (10, 
12, 13)  [804,«  805,«  810,«  814*]. 

B.  Clay  slates  which  form  independent  beds,  or  greatly  predomi- 
nate in  certain  strata,  like  XV,  Marquette  region,  and  XI,  portions  of 
XVIII,  and  the  "  Commonwealth  "  bed,  XV,  Menominee  region,  are 
characterized,  first:  by  the  absence  of  distinguishable  oblique  (true) 
cleavage,  the  fissile  character  being  apparently  due  to  lamination  or 
bedding.  These  rocks,  therefore,  correspond  with  Cotta's  Schiefer- 
thon  (argillaceous  shale  schist  or  slate),  (114),  [2185,  2147,  2237];  sec- 
ond: by  the  presence  of  accessory  minerals,  chiefly  chlorite,  mica,  car- 
bon, iron,  and  silica,  to  the  extent  of  completely  altering  their  char- 
acter, and  through  which  they  pass  into  entirely  different  kinds  of 
rock. 

a.  Chloritic  varieties^  grayish  and  blackish-green,  often  not  dis- 
tinguishable by  the  eye  from  true  chloritic  schists  [2140,  2164,  2165, 
2168, 820 '] ;  undistinguishable  are  certain  chloritic  schists  (55),  [2094]. 

h.  Near  this  border  line  are  also  pyritiferoiM  and  ferruginous  varU 
eties  [2251,  2183,  2140],  which  also  approach  in  some  of  their  charac- 
ters the  typical  varieties  [2185,  2237]. 

c.  Micaceous  varieties  (phylHte),  (111)  [2270,  692,«  1526],  and 
related  micaceous  argillites  [2137,  1173]  (56).  A  mica  schist  [2058] 
from  below  the  Little  Quinnesec  is  closely  related. 

d.  Carbonaceous  varieties  [2169]  (115,  64)  [1163,  2134],  to  the 
extent  of  being  over  one-fourth  carbon.  An  apparent  exception  to 
this  is  the  occurrence  of  a  carbonaceous  shale,  with  quartzite,in  S.  E, 
qr.  of  Sec.  25,  T.  40,  R.  17  E.    Whether  it  has  oblique  cleavage  or 

,  not,  is  not  known. 

e.  Ferruginous  varieties.  These  border  on  family  C,  but  differ 
in  that  while  they  are  associated  with  iron-ores,  they  greatly  predom- 
inate, and  are  much  less  ferruginous  than  the  others,  being  rather 

>JuHen,  Mich.Geol.Rep.,VoLII,  p.  114.    » Id.,  p.  85.    «ld.,  p.  99.    ^Id.,  p.  lOQ 
» JaUen,  Mich.  Geol.  Rep.,  Vol.  II.  p.  95. 
•  Julien,  Mich.  GeoL  Rep.,  Vol.  II,  p.  98. 
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rusty  stained  argillaceous  rock  [2272,  2193  to  2195].    A  ligbt-drab 
and  brown  variety  [2157],  is  closely  related  to  class  C. 

f,  SiliceouB  varieties  [2081],  through  which  the  rocks  graduate 
into  quartzose  schists,  are  not  well  defined,  but  may  be  supposed  to 
include  Julien's  feldspathic  argillite,  although  Dr.  Wichmann  has 
distributed  this  kind  of  rock  among  chloritic,  micaceous  rocks  and 
argillites.  A  more  siliceous  and  somewhat  ferruginous  variety  occurs 
at  the  Eagle  mine  [2152]. 

C.  Interstratified  with  the  iron-ores,  especially  with  the  limonitic 
and  siliceous  varieties,  are  gray,  red  brown  and  mottled  slates,  which 
are  believed  to  be  generally  argillaceous,  but  may  be  sometimes* 
chloritic.  The  quantity  of  iron  oxide,  which  is  sometimes  25  per  cent., 
makes  it  very  diflScult  to  determine  the  exact  character  of  the  rock. 
So  far  as  observed,  this  group  like  the  first  is  without  oblique  cleavage, 
hence  rather  an  argillaceous  shale.  The  red  chalks,  so  common  in  the 
mines  of  the  Negaunee  district,  and  at  Kimball's  cut,  in  that  vicinity, 
are  of  this  class.  Abundant  in,  or  adjacent  to  bed  VI,  Menominee 
region  [2249,  highly  ferruginous],  [1623,  red  and  brown  mottled] 
[2067,  ash  colored].  Through  related  unctious-feeling  schists  [1081, 
1120],  this  kind  of  rock  graduates  into  hydro-micaceous  varieties 
(53,54), all  of  which  occur  interstratified  with  iron-ores,  but  are  de- 
S3ribed  under  other  Jcinds  of  rock. 

Those  desiring  fuller  and  more  strictly  scientific  information  re- 
garding the  argillaceous  group  of  rocks,  are  referred  to  the  two  follow- 
ing chapters  under  specimens  (20, 81,  91, 113, 114, 64, 115,  111,  73, 74, 
10, 12, 13,  66).  For  microscopic  characteristics  exclusively,  see  speci- 
mens [983,  998,  807,  814,  2067,  2147,  2237,  1163,  2134,  2169.  3064]. 

6.  Talc  Schist.  The  typical  rock,  according  to  Dr.  Wichmann's 
determinations,  has  been  observed  only  at  Marquette  (74),  and  at  the 
Washington  mine  [1081].*  Unctious-feeling,  micaceous  and  chloritic 
rocks,  often  called  talcose,  are  more  abundant  (53,  54, 112).  A  related 
schist  in  physical  character  occurring  on  the  Menominee,  at  the  foot  of 
the  Big  Qninnesec  Falls  [2071, 2862],  and  heretofore  called  talc-schist, 

'  Julien,  Mich.  Geol.  Rep.,  Vol.  II,  p.  116.  In  February,  1879,  Mr.  Julien  re-exam- 
ined this  rock  with  the  following  results:  "  It  contains  less  than  4  per  cent,  magnesia, 
a  large  amount  of  ferric  oxide,  and  only  a  small  amount  of  water  and  carbonaceous 
matter.  There  is  too  small  an  amount  of  magnesia  and  water  to  render  probable  the 
presence  of  talc,  and  the  large  amount  of  iron,  together  with  the  magnesia;  may  better 
be  assigned  to  biotite.  This  is  the  more  probable  from  the  gray  color  of  the  rock.  Its 
minute  black  scales,  I  therefore  believe  to  be  biotite,  and  the  white  scales  some  hydro- 
mica.  Name,  altered  biotite  schist'*  Regarding  (74)  Mr.  Jnlien  says:  ** contains  very 
little  iron,  but  nearly  7  per  cent  magnesia,  equivalent  to  19  per  cent  talc.  Name,  tal- 
cose argillite." 
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Dr.  Wichmann  decides  to  be  hydro-micaceons,  and  calls  it  sericite 
schist.  It  is  a  serious  question,  it  would  seem,  whether  anj  true  talc 
schists  have  yet  been  found  in  this  rock  series. 

For  fuller  and  more  strictly  scientific  information  regarding  the 
rocks  heretofore  called  talcose,  see  the  two  following  chapters  under 
specimens  (74,  63,  64, 112),  and  for  microscopic  characteristics  exclu- 
sively, see  specimens  (74),  [1081]. 

7.  Chloritlc  Bocks.  Of  all  the  vague  lines  separating  the  several 
families  of  rocks,  none  is  harder  to  recognize  than  the  division  between 
this  and  the  preceding  argillaceous  group.  As  the  mud  under  the 
waters  of  rivers,  lakes  and  the  oceans  varies  in  character  and  composi- 
tion, so  do  these  rocks,  which  are  but  secondary,  hardened  forms  of 
such  mud.  When  the  metamorphosing  forces  have  gone  far  enough, 
the  mud  is  carried  through  these  families  by  insensible  steps  into 
micaceous  rocks.  These  are  the  reasons  why  the  argillo-chloritic  am' 
chloro-argillaceous  varieties  figure  so  conspicuously. 

An  unevenly  splitting  gray-green  schist  associated  with  greenstones, 
and  apparently  derived  from  them  by  alteration  of  the  amphibole,  is 
included  in  this  family,  although  its  origin  and  associations  are  widely 
different  from  the  above.  This  seems  to  be  one  end  of  the  chain 
which  connects  massive  crystalline  greenstones  through  diabase?,  ker- 
santite,  micaceous  greenstone,  greenstone  schist,  chloritic  (greenstone) 
schist  into  this  secondary  chloritic  schist  All  these  varieties  may 
sometimes  be  found  in  one  outcrop,  but  usually  one  variety  charac- 
terizes one  bed  for  some  distance.  This  variety  should  undoubtedly 
have  a  distinctive  name,  and  will  here  be  designated  by  the  last  de- 
scriptive name  employed  above,  chloritic  (greenstone)  schist. 

The  idea  on  which  I  have  grouped  the  rocks  in  this  chapter  would 
render  it  quite  as  proper  to  place  this  kind  of  rock  with  the  green- 
stones; but  convenience  of  reference,  with  other  considerations,  has 
led  to  placing  it  with  the  other  kinds  of  chloritic  schist. 
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The  following  diagram  presents  the  leading  facts: 

GBBENSTONBS. 

Diabase  and  DhriU, 
Eersantite  or  Mica  Traps. 
Chlorite  and  Micaceous  Greenstone  Schists. 
Graduate  through  the  alteration  of  the  Amphibole  constituent 
into  a  variety  of 


Chloritic  Schist. 


ArgillO'Chloritie  Schists. 
Clay  Slates  and  Ferruginous  Clay  Slates. 

Argillites.  Iron  Ores. 

A.  The  jpsetidomorphotis  chloritic  rock  of  bed  XIII,  Spurr-Miehi- 
garame  range  (89  ^),  so  well  described  by  Julien  and  Pumpellj,  seems 
to  be  nearly  pure,  dark-green,  massive  chlorite.  Bimches  and  small 
lenticular  masses  of  identical  rocks,  containing  garnet,  occur  in  green- 
stones at  Eepublic  Mt.  This  pure  pseudomorphous  and  gametiferous 
variety  has  not  been  observed  in  the  Menominee  region.  Mining 
operations  may  probably  develop  it. 

B.  A  less  pure,  grayish-green,  eminently  schistose  but  seldom  slaty, 
and  not  well-defined  variety,  has  affinities  with  hornblendic  and  mica- 
ceous schists  (134),  [2143],  which  compare  with  [2270,  2178,  1250^ 
(114),  and  closely  related  are  Julien's  feldspathic  argillites  (132  •)  [422] 
and  others. 

C.  An  extensive  group  of  light  gray-green  chloritic  schists,  which 
have  generally  been  called  argillO'Chloritic  or  chloro-argillaceoua^  on 
account  of  their  intermediate  character,  is  developed  in  the  Menomi- 
nee region  [2053,  2055, 2058,  2082,  2094, 1613]  (55).  These  graduate 
on  the  one  hand  into  clay  slates,  as  has  been  stated,  and  on  the  other 
through  unctuous-feeling,  probably  hydro-magnesian  rocks  [1120, 
1081],  into  hydro-mica  slate  (53),  all  of  which  occur  in  iron  ores  in 
bed  XIII,  Marquette.  Certain  talcy  schists  from  Marquette  (73, 74),  are 
also  related,  but  are  in  an  entirely  different  stratigraphical  position. 
A  peculiar  variety  of  banded,  irregularly  mottled,  evidently  highly 

>  Julien.  Mich.  Geol.  Rep.,  Vol.  II,  pp.  94,  95,  sp.  729, 730,  731.  •  Id.,  p.  108:  •  Id.,  p. 
104  (sp.  982). 
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altered,  in  places  arenaceous,  schist  [3455,  3459],  which  is  probably 
chloritic,  is  found  in  the  prospecting  pits  on  the  east  side  of  Sec.  34, 
T.  40,  R.  18,  Wis.  The  associated,  more  or  less  carbonaceous,  clay 
slates,  the  saccharoidal  quartz  seams,  and  unctuous-feeling  schists,  to- 
gether with  the  locality,  renders  it  almost  certain  that  it  belongs  to 
the  Commonwealth  series,  bed  XV  [3452  to  3463].  This  locality  ex- 
hibits a  very  interesting  series  of  the  several  schists  and  slates  accom- 
panying the  iron. 

D.  One  of  the  largest,  most  generally  distributed,  and  at  the  same 
time,  obscure  varieties,  embraces  those  chloritic  rocks  that  are  asso- 
ciated with  greenstones  and  hornblende  schists,  being  in  many  in- 
stances but  schistose  and  altered  varieties  of  the  same.  These  rocks 
have  heretofore  been  called  dioritic  schists  and  chloritic  diorites. 
They  are  usually  dark  grayish-green,  and  of  exceedingly  uneven, 
irregular,  schistose  structure,  never  producing  slates  and  seldom  flags. 
Some  have  aflinities  with  hornblende  schists,  and  at  the  same  time 
with  some  of  Dr.  Wichmann's  diabases  (70),  [2132,  2178,  2180],  and 
others  have  aflSnities  with  diorites  and  diabases  [825,^  906,^  2063, 2144, 
261].  Others,  again,  incline  toward  micaceous  and  argillaceous  schists 
[1640]  (133)  [137,  2097].  Compare,  also  [2078, 537, 931].  Many  are 
obscure  and  altered  [146, 2173, 2170].  Tlie  following  chloritic  schists 
(named  by  Dr.  Wichmann)  do  not  readily  come  under  any  of  the 
above  classes;  in  several  instances  they  are  more  or  less  weathered, 
and  never,  it  is  believed,  do  they  occur  in  quantity  [2108,  337,  2082] 
(108). 

Those  desiring  fuller  and  more  strictly  scientific  information  regard- 
ing the  chloritic  group  of  rocks,  are  referred  to  the  two  following  chap- 
ters under  specimens  (55,  73,  119,  134,  31,  132,  89,  133,  63).  For 
microscopic  characteristics  exclusively,  see  specimens  [1250,  2082, 
2094,  2097,  2132, 137,  906,  982,  729,  2091,  2078,  537,  931,2227]. 

8.  Greenstones.  This  term  is  employed  in  a  sort  of  double  sense: 
1st,  as  the  name  of  a  large  family  of  rocks,  including  diorite,  diabase, 
gabbro,  and  the  secondary  forms  of  these  rocks  through  the  alteration 
of  the  amphibole.  2nd.  To  designate  any  related  fine-grained  rock, 
the  true  character  of  which  has  not  been  determined,  but  which  un- 
doubtedly belongs  to  this  class.  When  used  in  the  latter  sense,  it 
should  be  prefixed  by  "  undetermined  "  or  "  aphanitic,"  but  often 
this  is  not  done.  Competent  lithologists  are,  I  believe,  agreed  that 
the  very  fine-grained  and  aphanitic  greenstones  can  only  be  properly 
named  through  the  microscopic  examination  of  a  thin  section.     This 

» JuUen,  Mich.  Geol.  Rep.,  Vol.  II.  p.  174.    •  Id.  p.  102. 
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cannot  be  done  in  the  field,  perhaps  not  at  all,  on  account  of  the  cost 
and  delay;  meantime  a  name  most  provisionally  be  employed.  This 
in  time  becomes  so  fixed  in  notes  and  MSS.  that  it  is  difficult  to  eradi- 
cate it.  Further,  I  have  a  feeling  that  it  often  is  not  a  matter  of  im- 
portance to  determine  whether  pyroxene  or  hornblende  characterizes 
a  particular  rock  and  the  exact  extent  of  the  alterations  in  the  same.  If 
the  determinations  made  of  my  specimens  are  to  be  relied  on,  then  this 
difference  in  the  bi- silicate  mineral  seems  often  accidental  and  local. 
They  appear  to  graduate  into  each  other,  whether  through  alteration 
or  original  difference  in  composition,  cannot  always  be  ascertained. 

In  my  Michigan  report,  diorite  was  used  as  the  synonym  for  green- 
stone. Here  that  term  is  intended  to  embrace  only  the  unaltered 
hornblendic  varieties  of  greenstone.* 

The  following  diagram  illustrates  my  general  views  of  the  observed 
transitions  of  greenstones  (believed  to  be  mostly  metamorphosed  sedi- 
ments')  into  related  rocks.  Where  the  kersantites  (mica-traps),  a 
new  name  in  the  lithology  of  these  rocks,  lately  applied  provisionally 
by  Mr.  Julien  to  certain  semi-schistose  varieties  (155),  [2872,  8246, 
3344],  should  be  placed,  I  will  not  attempt  to  determine.  Fortunately 
the  name  melaphyr^  under  which  term  Prof.  Pumpelly  embraces 
many  of  the  greenstones  of  the  Copper  series,  has  never  been  applied 
to  a  Huronian  greenstone. 

Serpentoidal  Rocks  (rare)  are  believed  to  have  been  derived 
by  alteration  from 

s  §  ^ 
S      o 


Hornblendic  Dioritb. 
Hornblende  rock  and  rarely  schLst. 
Hornblende  Gneiss.  Micaceous  Hornblende  Schist 

Hornblendic  Mica  Schist 
Mica  Schist 
Gneiss. 
Following  strictly  the  plan  of  arrangement  of  rocks  sketched  at  the  beginning  of  this 
chapter,  the  chloritic  schists  associated  with  and  undoubtedly  derived  from  the  green- 
stones, should  be  described  here,  but  for  convenience  and  other  considerations  they  are 
placed  under  chloritic  schist. 

*  See  Dr.  Hunt's  remarks  on  greenstones  in  appendix. 

'  Dr.  Wichmann  regards  them  as  eruptive.    See  his  remarks  on  diabase.  Chap.  Y. 
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The  great  greenstone  bed  which  lies  immediately  under  the  chief 
iron  ore  formations  (XII  and  XIII)  of  the  Marquette  region,  presents 
according  to  early  determinations  of  the  specimens  the  following 
varieties  in  an  air  line  distance  of  twenty  miles. 

Bed  XI.    From  Republic  Mt.,  north  and  east  to  Negaonee. 
Homblendic  schist  (micaceous). 
Homblendic  gneiss. 
Homblendic  dioiite. 

DIorite  (micaceous  greenstone,  green  mica  schist). 
DioriUc  schist 
Diabase? 

Decomposed  diabase? 
(3hloritic  schist  (micaceous). 
Chloritic  schist  (porphyritic). 

A.  Diabase.  Abundant,  especially  south  of  L'Anse,  and  in  the 
Menominee  region,  southwest  of  Sturgeon  Falls  and  on  the  Lower 
Brul4,  and  perhaps  also  at  Twin  Falls.  This  name  is  often  applied 
by  Dr.  Wichmann  to  obscure  fine-grained  "  greenstones,"  which  have 
usually  been  called  diorites,  greenstone  schists  and  chloritic  green- 
stones. The  rocks  called  diabase  by  Dr.  Wichmann  can  be  conven- 
iently divided  into  several  tolerably  distinct  varieties,  often  entirely 
difierent  in  appearance  and  doubtless  in  origin. 

a.  Julien's  "  Black  Trappean  Diorites  *'  (provisionally  so  named), 
from  L'Anse  Iron  Range  [884^],  (82^.  See  his  descriptions  of 
physical  character  in  Mich.  Geol.  Hep.,  Vol.  11. 

They  are  black,  somewhat  coarse-grained,  highly  crystalline.  This 
variety  has  not  been  seen  elsewhere  south  of  Lake  Superior.  It  re- 
sembles the  "  trap-dykes  "  at  the  "Washington  mine  (79,  94),  embraced 
in  Group  E.  The  serpentine  (78)  and  related  rocks  [1659,  911*]  have 
aflSnities  with  this  group,  of  which  they  may  be  altered  varieties. 

i.  Associated  with  the  above  at  L'Anse,  and  also  found  in  the  Mar- 
quette quarries,  is  a  more  or  less  decomposed,  mottled,  yellowish, 
brownish  and  greenish,  massive  rock,  medium  to  fine-grained,  and 
sometimes  a  sand,  which  Dr.  Wichmann  designates  decomposed  dia- 
base [888  *]  (122')  (121  •)  (99 '). 

0.  Here  are  embraced  rocks  which  have  heretofore  been  usually 
called  chloritic  diorites  and  dioritic  schists,  together  with  more  mas- 
sive but  related  varieties.  In  their  appearance  and  stratigraphical 
relations  they  are  distinct  varieties,  and  seem  to  be  intermediate  be- 

'  Jalien,  Mich.  Oeol.  Rep.,  Vol.  II,  p.  176.    •  Id.,  pp.  178, 179  (sp.  912,  913,  915). 
» JuUen,  Mich.  Geol.  Rep.,  Vol.  II,  p.  180. 

*  JuUen,  Mich.  GeoL  Rep..  Vol  II,  p.  177.  •  Id.,  p.  177  (sp.  889).  •Id.,  p.  170  (sp. 
821).    '  Id.,  p.  180  (sp.  887). 
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tween  the  hornblendic  rock  and  diorites  on  the  one  hand,  and  chlorite- 
schists  on  the  other.  Dr.  Wichmann  first  called  (70)  a  chloritic  schist, 
and  later,  diabase.  The  rocks  at  the  "  Gorge"  on  the  M.  H.  &  O.  R. 
R.  (70),  belong  here,  as  well  as  similar  rocks  found  in  bed  IX  (31) 
and  bed  XI  [526],  Marquette  region.  In  the  Menominee  region,  bed 
XYII  contains  typical  varieties  of  this  class  [2155,  2262],  and  also  bed 
XVI  (119),  [2079].  A  related  rock  is  found  in  bed  XVII?  [2059]. 
This  class  differs  more  widely  in  physical  appearance  from  (a)  than 
from  any  other  variety  of  greenstone.  Were  I  discussing  these  rocks 
from  the  standpoint  of  their  origin,  I  might  regard  the  latter  (aj,  as 
eruptive,  and  the  former  (<?),  as  metamorphlc.  Dr.  Wichmann  re- 
gards them  all  as  having  the  former  origin. 

d.  Gray  to  blackish-green,  medium  to  fine-grained,  massive  to 
semi-schistose  rocks,  intermediate  in  appearance  between  groups  A 
and  C,  and  more  closely  resembling  Dr.  Wichmann's  diorites  than 
any  other  variety  of  diabase.  They  occur  in  the  Marquette  quarries 
(120,^  72),  in  the  Huron  Bay  district  [996*],  and  at  Lake  Gogebic 
[1501*].  The  horijblendic  and  micaceous  bed  XIX,  of  the  Menomi 
nee  region,  contains  similar  rock  [2072].  Tliis  was  the  first  and  almost 
only  diabase  recognized  in  his  preliminary  determinations  by  Mr. 
Wright,  who  does  not  apply  this  name  to  as  many  rocks  as  Dr.  Wich- 
mann does. 

e.  The  trap  dykes  of  the  Washington  mine  afford  a  green-black, 
massive,  hard,  heavy  rock,  quite  unlike  the  other  groups  (79,  94*). 
A  "trap"  from  near  Black  river  [1558],  west  of  Gogebic,  belongs 
here,  as  well  as  the  Laurentian  "  trap  "  [1382*],  which  is,  however, 
much  finer  grained.  This  variety  has  not  been  observed  in  the  Me- 
nominee region. 

B.  Diorite.  This  term,  used  in  my  Michigan  Beport,  1873,  as  a 
synonym  for  greenstone,  is  here  confined  to  those  greenstones  in  which 
the  amphibole  is  black  hornblende.  To  distinguish  pyroxene  char- 
acterizing diabase  from  hornblende  which  characterizes  diorite  is  very 
difficult,  hence  many  greenstones  which  have  heretofore  been  termed 
diorites  even  by  good  lithologists.  Dr.  Wichmann  includes  nnder  dia- 
base, greatly  restricting  the  rocks  to  which  the  term  diorite  has  been 
applied.  The  so-called  diorite-schists  are  nearly  all  excluded,  being 
distributed  under  diabase,  mica,  and  chlorite-schists  and  kersantite. 

Diorite  is  abundant,  especially  in  the  eastern  part  of  the  Marquette 
region,  in  bed  XII  (118),  but  at  no  locality  south  of  Lake  Superior 

>  Julien.  Mich.  Geol.  Rep.,  Vol.  IT,  p.  173  (spec.  827).    » Id.,  p.  179.    •  Id.,  p.  160. 
*  JoUen,  Mich.  Geol.  Rep.,  Vol.  II,  p.  181  (spec.  1110).    » Id.,  p.  182. 
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seen  by  me  are  true  diorites  so  abundant  as  in  bed  XVII?,  exten- 
sively developed  westerly  of  Lake  Eliza,  especially  in  Sees.  36  and  27, 
T.  40  N.,  E.  17  E.,  Wis.,  where  it  is  associated  with  and  graduates 
into  massive  coarse-grained  hornblende  rock  on  the  one  side,  and 
schistose  varieties  which  graduate  into  micaceous,  chloritic  and  argil- 
laceous schists  on  the  other  [2611-13,  3375-77].  See  Plate  VI  and 
description,  Chap.  11. 

A  gabbrolike  variety  is  found  in  a  heavy  bed  (XVI)  on  the  Me- 
nominee river,  between  Sturgeon  Falls  and  the  Big  Quinnesec  Falls 
(69)  S  [2113,  2070].  At  the  latter  locality  (in  XVIII)  occurs  the 
coarsest  variety  of  greenstone  anywhere  observed.  Since  the  several 
lithologlsts  who  have  examined  this  variety  disagree  as  to  whether 
they  are  true  gabbros,  I  have  employed  the  descriptive  name  of 
gabbrodiorite.  Massive  to  semi-schistose,  medium  to  fine-grained 
(and  occasionally  coarse-grained)  varieties  are:  (118),  (75),  [464,  37, 
479,  1726,  1453,  1401,  22S0].  Altered  [563,  1713,  1730].  Diorite- 
porphyry  [2098,  2070].     Quartz-diorite  (US). 

C.  Gabbro.  Messrs.  Rutley,  Wapler  and  Pumpelly  have  agreed 
in  giving  the  nama  gMro  to  a  certain  rather  abundant,  coarse-grained, 
massive  to  semi-schistose  greenstone,  with  white  to  light-green  com- 
pact feldspar  and  a  peculiar  gray-green  amphibolic  mineral.  A  hand- 
specimen  of  this  rock  from  Sturgeon  Falls  (69)  wasfirst  provisionally 
called  "  porphyritic  diorite  "  by  Julien  (Mich.  Geol.  Report,  Vol.  II, 
p.  210).  Since  then  it  has  been  examined  microscopically  by  several 
lithologists,  three  of  whom  have  agreed  on  the  name  gahhro.  The 
rock  prevails  in  bed  XVI  as  seen  along  the  river  [2098]  from  Stur- 
geon Falls  to  the  Little  Quinnesec,  and  forms  just  below  the  latter 
point  a  high  ledge  [2113].  At  the  Big  Quinnesec  Falls,  the  corre- 
sponding great  greenstone  bed  hasclianged  its  character,  and  only  one 
small  bed  of  the  gabbro-greenstone  [2070]  was  observed  at  the  foot  of 
the  great  falls.  Above  the  gneiss,  however,  and  apparently  in  bed 
XVIII,  this  rock  again  occurs.  This  is  the  only  locality  where 
I  have  seen  this  rock  in  tie  Iluronian.  Its  rarity  in  this  series  and 
the  fact  that  it  is  a  rather  abundant  variety  of  greenstone  in  the 
Copper  series,  possesses  it  with  much  interest.  Diabase  is  the  only 
other  greenstone  common  to  the  two  series.  It  is  structurally  like 
the  other  greenstones  and  holds  slaty,  chloritic  beds,  into  which  rock 
it  very  likely  graduates  by  insensible  transitions. 

D.  Kersantite  (Mica  Trap).    Certain  gray  to  greenish-gray  fine- 

*  Prof.  Pampilly  says  of  this  specimen:  **  Saussurite-gabbro  (or  homblende-grabbro) 
contains  saussurlte,  dlallage,  hornblende.  Identical  under  the  microscope  with  the 
coarser  crystalline  rock  of  Upper  Quinnesec  Falls." 
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grained  greenstone  schists,  quite  abundant  in  the  middle  portion  of 
the  Upper  Huronian  at  the  Big  Qainnesee  (155),  [2864,  2865,  2867, 
2872,  2995],  on  the  Lower  BruI6  [3239  to  3243],  and  on  See.  27,  T. 
40,  E.  17  E.,  Wis.  [3344,  3315],  have  been  designated  kersantites  and 
hydro-mica  traps,  by  Mr.  Julien,  based  on  a  microscopic  study  of  one 
thin-section  (155)  and  inspection  of  others.  These  rocks  are  closely 
related  to  many  of  Dr.  Wichmann's  diabase  schists  and  related  chlo- 
ritic  schists.  The  grayer  color  of  these  schists  may  help  to  identify 
them  in  the  field.  There  can  be  but  little  doubt  but  that  they  are 
altered  rocks. 

Those  desiring  fuller  and  more  strictly  scientific  information  regard- 
ing the  greenstone  group  of  rocks,  are  referred  to  the  two  following 
chapters  under  specimens  (70,  72,  79,  82,  94,  99,  120,  121, 122,  dia- 
base); (75,  118.,  diorite);  (69,  gabbro);  (155,  kersantite).  For  micro- 
scopic  characteristics  exclusively,  see  specimens  [912,  913,  1110, 3079, 
2072,  884,  1427, 1501,  1659,  889,  3070,  1616,  2059,  821,  827,  2079, 
996,  diabase];  [464,  3075, 37,  563,  2098, 192, 1730, 1726,  1713,  diorite]. 

9.  Syenite.  Observed  only  in  the  Lower  Huronian  near  Mar- 
quette, associated  with  diorite,  into  which  it  seems  to  graduate.  Eich 
in  orthoclase  (110^),  [1724J.  Ilornblendic  (77).  For  description 
of  physical  and  microscopic  characteristics  of  the  above  specimens, 
see  the  two  following  chapters. 

10.  Hornblendle  Bocks.  The  Huronian  hornblendic  rocks  are 
conveniently  grouped  as  follows: 

A.  Blackish-green  to  black,  medium  to  coarse-grained,  massive  to 
semi-schistose,  the  crystalline  facets  of  the  hornblende  being  without 
parallelism:  (18,  22,  30,  123),  medium  grained;  (88),*  [2188],  (126), 
[745],'  coarse-grained.  Similar  in  general  appearance  are  such  dio- 
rite rocks  as  (75),  such  syenitic  rocks  as  (77).  Somewhat  related  is  a 
diabase  (82)*  from  the  L'Anse  range.  Lighter  colored  and  still  more 
like  greenstones  in  appearance  are  (127),  [1636],  (71). 

B.  The  semi-schistose  varieties  of  group  A  graduate  into  true  horn- 
blende schists,  blackish-green  to  black,  medium  to  fine-grained,  the 
hornblende  facets  being  usually  parallel  with  the  schistose  structure 
[1752],  (125).  Sometimes  faintly  banded  (128),  often  micaceous  (128, 
29,  71,  127),  and  associated  with  and  graduating  into  mica  schists,  but 
rarely  into  greenstones;  see  bed  XIX.  Closely  related  in  appearance 
are  some  fine-grained,  black,  Lauren tian  schists  [1224,'  1229],  but  the 

"Julien,  Mich.  Geol.  Rep.,  Vol.  II,  p.  16r(sp.  1720). 

•JuHen,  Mich.  Geol.  Rep.,  Vol.  11,  p.  140  (sp.  1089).    »Id.,  p.  164.    *Id.,  pp.  178-9 
(gp.  912.  913,  915). 
» JuUer,  Mich.  Geol.  Rep.,  Vol.  II,  p.  133. 
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bornblende  facets  are  always  longer  and  parallel  with  each  other,  pre- 
senting a  marked  broken,  fibrous  appearance. 

0.  Dark,  olive-green,  fine-grained;  splits  unevenly,  presenting  a 
semi-concholdal  fractnre,  and  presenting  no  discernible  crystalline 
facets  of  hornblende;  luster  dull  and  somewhat  like  chlorite  [2171, 
2172,  2177].  The  rock  is  often  chloritic,  and  graduates  into  and  is 
associated  with  chloritic  schist  (2170).  Certain  intermediate  varieties, 
apparently  somewhat  altered,  have  been  called  diabase  by  Dr.  Wich- 
mann  [2155].  Mr.  Wright  designates  the  hornblendic  varieties,  am- 
phibole,  which  conveniently  distinguishes  them  from  group  B,  with 
which  they  have  comparatively  little  resemblance  in  physical  char- 
acters. 

D.  The  rocks  classed  here  are  intermediate  in  character  between 
hornblendic  rocks  and  greenstones,  and  are  subdivided  into: 

a.  Lightish-gray.green,  fine-grained  to  crypto-crystalline,  massive, 
often  possessing  a  jointed  structure.  The  constituent  minerals  can- 
not usually  be  discerned  even  with  the  loupe.  Whether  they  are 
diorites  or  hornblendic  rocks  can  only  be  determined  by  the  micro- 
scope [2122,  2051,  113].  Here  belong  certain  gray-green,  usually 
fine-grained  schists,  which  have  heretofore  often  been  denominated 
dioritic.  A  feldspathic  mineral  is  believed  to  be  present,  and  whether 
the  hornblende  prevails  to  the  extent  of  making  it  a  hornblende  schist, 
can  only  be  determined  by  the  microscope.  They  are  generally 
chloritic  in  appearance  and  sometimes  gneissic  (76),  [2052,  1086,* 
817 »].  Compare  also  [1761,  527, 325,  1614, 1528,^  2261,  1099,*  1103,* 
1087,*  2089]. 

Diao^ram  showing  the  transitions  of  hornblende  into  associated  rocks : 

Gneiss. 
Mica-Schist 

Hornblendic  Mica-Schist 
Micaceous  Homblende-SchiFt 
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Diorite. 


»JuUen,Mich.Geol.Rep.,Vol.Il,p.l36.   •Id.,p.  175.   « Id.,  p.  171.    *  Id.,  p.  168. 
•Id.,  p.  156.    Md.,  p.  136. 
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Those  desiring  fuller  and  more  strictly  scientific  information  re- 
garding the  hornblendic  gronp  of  rocks,  are  referred  to  the  following 
chapters  under  specimens  (18,  22,  30,  123,  126,  29,  76,  88,  124,  125, 
71,  127,  128).  For  microscopic  characteristics  exclusively,  see  speci- 
mens [1752,  2167, 745, 1636,  2261,  2124,  1761,  627,  3071,  3029,  2182, 
3076,  325, 1614, 1528,  2051,  2122,  1099,3022,  1103,  1087,  2089,  2135, 
2061,  817, 113]. 

11.  Actinolite  Schist.  There  are  two  vaVieties:  A.  Typical, 
This  is  found  only  in  Pine  river  district.  Wis.,  in  the  Upper  Huronian 
(129),  [2198],  and  is  very  coarse;  the  radiated  fibrous  crystals  being 
often  an  inch  or  more  in  length.  A  very  soft  variety  which  hardened 
on  exposure  to  the  air,  contained  over  6  per  cent,  of  water,  and  was 
apparently  changed  to  chlorite.  A  variety  of  this  rock  is  associated 
with  the  hornblende  schists  at  the  base  of  bed  XIX,  northwest  of  the 
junction  of  the  Pino  and  Poplar  rivers,  and  at  various  points  in  the 
extension  of  bed  XIX  to  the  northwest. 

B.  ilagnetiCy  in  which  the  amphibole  mineral  is  acicular  and  some- 
times plumose,  closely  resembling  anthophyllite.  Some  weathered 
specimens  submitted  to  Prof.  Brush  were  named  anthophyllite  schist, 
and  are  so  designated  in  my  Michigan  Report.  Dr.  Wichmann  care- 
fully examined  this  mineral,  and  finds  it  to  be  undoubtedly  actinolite. 
This  variety  makes  up  bed  XVII,  Marquette  series,  where  it  is  man- 
ganiferous  and  ferruginous.  It  is  related  to  eklogites,  or  the  latter 
may  be  a  garnetiferous  variety  of  it. 

Magnetic  actinolite^  schist  is  very  abundant  westerly  of  Lake  Eliza 
on  Sees.  36,  35,  34,  27,  26,  25,  T.  40  K,  E.  17  E.,  Wis.  It  occurs  in 
certainly  two,  and  possibly  in  three,  distinct  beds  of  the  Upper  Hu- 
ronian. See  Plate  VII.  The  iron-oxide  present  seems  to  be  a  pseudo- 
morph  after  the  actinolite  crystals,  and  is  black,  red  and  brown  (153, 
130),  [2560,  2676,  2686].  The  alteration  is  sometimes  so  complete  as 
to  produce  an  ore  of  iron  (153),  already  mentioned. 

a.  Gray.green  and  black,  magnetic  and  manganiferous  (58,  59) 
[1116,«  1115,*  1032,*  1033*],  from  bed  XVII,  Marquette  region. 
Compare  (130),  [221,  308, 177]. 

h.  Magnetic,  qnartzose,  containing  arenaceous  quartzose  laminse 
and  red  hematite  [2241,  2192],  bed  XV,  Menominee  region. 

0.  Garnetiferous  actinolite  schist  (eklogite)  (2^^),  [1088],'  from  bed 
X,  Michigan,  and  (151)  from  XIII,  Menominee  region. . 


'  According  to  Julien,  possibly  tremoliie. 

•  Julien,  Mich.  Geol.  Rep.,  Vol.  II,  p.  92.    »Id.,  p.  93.    *  Wright,  id.,  p.  223, 

•Julien,  Mich.  Geol.  Rep.,  Vol.  II,  p.  91. 
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Those  desiring  fuller  and  more  strictly  scientific  information  regard- 
ing the  actinolite  group  of  rocks,  are  referred  to  the  two  following 
chapters  under  specimens  (129,  105,  58, 131,  152).  For  microscopic 
characteristics  exclusively,  see  specimens  [2198,  2238,  221,  308, 1116, 
1155,  2241, 177]. 

12.  Tremolite  Schist.  Mr.  Julien  has  applied  this  name  to  cer- 
tain rare  varieties  of  rock  belonging  to  the  youngest  Hnronian  as 
developed  southwest  of  Sturgeon  Falls  [2480]  on  the  Menominee,  and 
between  Norway  and  Long  Portages  on  the  Michigamme  [2390, 
2462].  Prof.  Pumpelly,  however,  says  of  one  of  the  latter  [2390], 
that  it  consists  predominantly  of  plagioclasey  and  of  hornblende  and 
biotite. 

13.  Garnetiferous  rocks.  This  rock  is  rare  in  the  Hnronian  and 
has  been  observed,  so  far  as  I  know,  only  at  the  places  mentioned 
below.  As  an  accessory  mineral,  garnet  is  not  infrequently  found  in 
micaceous,  hornblendic  and  chloritic  schists,  especially  in  the  more 
typical  varieties  of  the  latter,  which  often  holds  very  large  impure 
crystals.  Closely  related  to  eklogite,  and  difiering  apparently  in  the 
substitution  of  a  micaceous  for  the  amphibolic  mineral,  is  a  highly  gar- 
netiferous schist  containing  magnetite  and  associated  with  magnetic 
mica  schist,  observed  only  near  the  corner  of  Sees.  5,  6, 7  and  8,  T.  41, 
E.  30,  Mich.  (150). 

A.  Eklogite.  Rare;  [1091]  and  (27),  both  from  the  Marquette 
region.  See  class  c  of  actinolite  schists.  On  the  north  side  of  the 
great  congloraeritic  quartzite,  S.  E.  qr.  Sec.  13,  T.  39,  R.  17,  is  a  sim- 
ilar rock  (151). 

For  description  of  the  physical  and  microscopic  characteristics  of 
the  above  mentioned  specimens,  see  the  two  following  chapters. 

14.  Mica  Schist.  The  mica-schists  may  be  conveniently  divided 
as  follows: 

A.  The  mica  chiefly  biotite,  and  often  staurolitic.  Brown,  fissile, 
soft,  slaty,  shining,  fresh  surface,  often  corrugated,  the  cross-fracture 
showing  grains  of  quartz.  Characterizes  bed  XIX,  both  in  the  Mar- 
quette and  Menominee  regions  [2145,  2146,  2162,  2163].  Through 
the  accession  of  other  minerals,  we  have  a  blackish  mica-schist,  with 
crystals  of  staurolite,  andalusite,  and  often  garnet,  around  which  the 
mica  leaves  warp  themselves,  producing  a  warty  schistose  structure 
(61)^  [2160].  This  staurolitic  mica-schist,  bed  XIX,  is  more  persist- 
ent in  its  lithological  character  than  any  other  of  the  series,  save, 
perhaps,  the  quartzite-marble  bed  V. 


>  Julien,  Micb.  Geol.  Rep.,  Vol.  II,  p.  155. 
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B.  A  hard,  firm,  gneissic  variety,  having  much  resemblance  to  the 
Oerman  schiefer-gneiss,  occurs  at  the  portage  of  the  Paint  river 
[1252]  ^'y  and  north  of  the  north  iron  belt,  in  the  Menominee  region, 
is  apparently  the  same  formation.  A  variety  in  which  hornblende 
prevails  (128)  is  abundant  in  bed  XIX,  especially  south  of  Pine  river, 
where  the  staurolltic  variety  has  not  been  observed.  For  a  rare 
massive,  semi-porphyritic  variety,  see  typical  suite  (106). 

C.  Dark-green  mica-schist,  resembling  chlorite,  with  minute  wavy 
structure,  like  B,  but  holding  none  of  its  accessory  minerals,  and  asso- 
ciated with  and  probably  an  altered  form  of  the  greenstones,  occurs 
in  bed  XI,  Marquette  region  (107),  [527,  537,  2106,  931].  Compare 
also  [2053,  2222,  2225,  2239,  2254,  442],  which  have  been  called  chlo- 
ritic  and  talcy,  and  are  not  intimately  associated  with  greenstones. 
A  rare  but  beautiful,  greenish  to  blackish,  variety  (biotite  schist) 
occurs  in  the  middle  portion  of  the  upper  Huronian,  W.  and  S.  W.  of 
Lake  Eliza  [2638,  2651, 3370]. 

D.  Light-gray,  unctuous-feeling,  soft,  slaty  schist,  probably  hydro- 
micaceous;  only  found  with  iron  ores  in  bed  XIII,  Marquette  region 
(53,  54).  These  rocks  closely  resemble  the  so-called  talc-schist  [1081-] 
of  the  Washington  mine  as  well  as  the  sericite  schists  of  the  Menom- 
inee region  (112). 

E.  Iron-gray,  lusterless,  feldspathic  or  argillaceous  obscure  mica- 
schists,  with  ragged,  splitting  surfaces,  holding  leaves  of  black  mica 
to  be  seen  on  the  splitting  surfaces.  Apparently  intermediate  in  char- 
acter between  argillites,  mica  schists,  and  chloritic  schists  [llOr], 
(104^.  Belated  is  the  obscure  feldspathic  mica  schist  (103)  of  typical 
suite. 

F.  Garnetiferous  and  magnetic,  blackish  mica  schist,  splitting  on 
bedding  planes  into  thick  slates,  with  glistening  surfaces  (109).  This 
rare  rock  is  associated  with  the  equally  rare  garnet  rock  (150)  in  the 
Lower  Huronian  of  the  Menominee  region,  into  which  it  graduates. 

In  the  clay-slate  bed  XV,  Marquette  region,  non-magnetic  garnetif- 
erous mica-schists  (phyllite)  occur  (56).  A  related  rock  (108)  occurs 
on  the  Pine  river.  Wis.  These  varieties  lead  us  naturally  to  the  next 
variety: 

G.  Phyllite,  which  is  the  transition  variety,  connecting  day-slate 
and  mica  schist  (111,  108,  56).  Dr.  Wichmann  describes  calcareous 
and  actinolitic  varieties,  which  are  not  common  [1100,  2255],  (105). 
The  rocks  which  he  finds  characterized  by  muscovite,  are  so  scattered 


"  Julien,  Mich.  Geol.  Rep.,  Vol  II,  p.  130. 

•  Julien,  Mich.  GeoL  Rep.,  VoL  II,  p.  116.    •  Id.,  pp.  105, 106. 
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stratigraphically  and  geographically  that  the  attempt  to  group  them, 
according  to  the  plan  of  this  chapter,  would  be  futile. 

Those  desiring  fuller  and  more  strictly  scientific  information  regard- 
ing the  micaceous  group  of  rocks,  are  referred  to  the  two  following 
chapters,  under  specimens  (61,  109,  53,  90,  104,  105,  108,  103,  106, 
89,  156, 110).^  For  microscopic  characteristics  exclusively,  see  speci- 
mens [2162,  2163,327, 1101, 1102,  2087, 2212,  2254,  2090,  2255,2058, 
2222,  2225,  2239,  442]. 

1 5.  Hydro-Mica  Schists.  From  the  beginning,  "  soap-rock  "  was 
a  common  term  among  the  Marquette  iron  miners  for  certain  soft, 
gray,  pearly,  greasy- feeling  schists,  found  associated  with  the  ores, 
and  even  as  late  as  Dr.  Credner's  excellent  paper,'  beds  of  talc  schist 
constituted  important  members  of  the  Huronian  series.  The  investi- 
gations of  Dr.  C.  Dewey  and  others  have  proved  that  most  of  the  rocks 
of  this  class  have  some  hydro-mica  as  their  essential  constituent.  The 
studies  of  Lake  Superior  rocks  by  Messrs.  Wichmann  and  Julien  have 
sodiminished  the  number  of  the  so-called  talc  schists,  that,  as  has  already 
been  remarked  in  speaking  of  this  group,  it  is  questionable  if  any  true 
undoubted  talc  rocks,  to  the  extent  of  constituting  beds,  remain.  On 
this  point  the  experts  are  not  entirely  agreed.  (See  talc  schist,  and 
Nos.  53,  54,  74,  in  following  chapter.) 

So  far  as  Dr.  "Wichmann's  investigations  extend,  sericite  is  the  only 
hydro-mica  observed  (112).  So  insensible  is  the  change  of  this  rock 
into  argillite,  and  so  ditBcult  is  its  determination  in  thin- section 
under  the  microscope,  that  chemical  analysis  must  often  be  resorted 
to  here  as  well  as  in  separating  it  from  the  talc-schist  The  soft  and 
friable  character  of  this  rock  prevents  it  being  seen  in  outcrops  unless 
exposed  by  running  water,  as  is  the  case  on  a  large  scale  in  the  north 
bank  of  the  Pine  river,  in  Sec.  34,  T.  40,  R  17  K,  Wis.  [2731  to  2733]. 
The  cleavage  and  jointing  are  more  perfect  here  than  has  been  observed 
elsewhere  in  this  rock.  Pencils  of  lozenge  section,  "and  less  than  i 
inch  on  a  side,  were  obtained  over  a  foot  in  length.  This  remarkable 
bed,  which  is  believed  to  have  a  very  considerable  extension  W.  by  N. 
and  S.  by  E.  under  the  drift-covered  area,  is  undoubtedly  Upper  Hu- 
ronian, and  most  likely  in  bed  XV.  Whether  this  Pine  river  hydro- 
mica  schist  belongs  to  the  ferrnginous  clay-slate  bed  XV  or  not,  the 
same  rock  is  found  in  that  bed  northwest  of  Lake  Eliza  [3417,  3422], 
and  a  closely  related,  possibly  argillaceous,  rock  occurs  east  of  the 
Commonwealth  mine  [3453,  3453].    Following  this  horizon  (the  lower 


'See,  also,  Dr.  Hont^s  remarks  on  mica  schists  under  Montalban  locks,  in  appendix. 
*  Zeitschriffc  der  Dentschen  Geologischen  Gesellschaft,  XXI  Band,  1869. 
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part  of  the  Upper  Huronian),  we  find  at  the  Big  Quinnesec  Falls  an 
important  bed  of  true  sericite-schist,  as  first  determined  by  Dr.  Wich- 
mann  [2071,  2862].  Still  further  in  the  same  direction  below  Stur- 
geon Falls,  and  in  a  younger  bed,  is  a  schistose  mixture  of  sericite  and 
red  orthoclase,  formerly  called  protogine,  but  which  Dr.  Wichmann 
terms  a  sericite-gneiss  (147).  Passing  to  the  base  of  the  Middle  Hu- 
ronian, about  which  comparatively  little  is  known  except  that  it  must 
be  made  up  of  soft  rocks  because  nearly  everywhere  covered  by  drift, 
we  find  reposing  on  the  iron-ores,  VI,  well-exposed  at  the  Vulcan 
mine  [2988,  2989]  and  in  test-pits  in  the  south  part  of  Sec.  31,  T.  40, 
R.  30  W.,  Mich.  [2942  to  2945],  a  thick  and  important  bed  of  sericite- 
schist,  gray,  red  and  mottled,  graduating  into  and  associated  with 
several  varieties  of  clay-slate.  This  formation  we  designate  as  bed 
VII.  It  is  doubtful  if  it  is  sharply  divided  from  the  iron-ores,  and 
beds  of  hydro-mica  schist  will  undoubtedly  be  found  interstratified 
with  the  latter,  since  this  is  everywhere  the  case  in  the  Marquette 
region  (53,  64)  [1081].  This  rock,  however,  has  not  been  observed  in 
the  latter  region  in  anything  like  as  extensive  beds  as  those  above 
described. 

I  submitted  some  bits  of  this  group  of  rocks  to  Prof.  Dana,  who  re- 
marks: "  The  conclusion  you  express  respecting  taleose  schist  is  that 
I  have  reached  from  my  study  of  Vermont  slates  and  those  of  other 
parts  of  New  England.  The  analyses  made  by  Mr.  Barker,  and 
others  by  Hunt,  prove  this  with  regard  to  the  Vermont  "  talcose  " 
schist,  and  the  Vermont  Eeport  consequently  used  the  term  talcoid 
schist.  The  name  hydro-mica  is  a  general  one  for  them,  whether 
damourite  or  sericite  in  composition.  In  fact,  owing  to  the  presence 
often  of  some  free  quartz,  chemical  analysis  could  not  obtain  uniform 
results.  Hunt's  parophite^  a  rock  in  Vermont,  I  am  confident  is  of 
the  same  nature;  it  is  in  the  Mineralogy  vjiA^x  jpinitCy  and  it  is  an  in- 
teresting fact  that  the  varieties  of  pinite  have  essentially  the  compo- 
sition of  a  hydro-mica,  it  being  a  hydrous  potash-alumina  mineral. 
*  *  *  It  is  not  possible  to  mark  the  limit  between  the  hydromica 
schists  and  the  argillites  on  one  side,  and  fine-grained  mica-schists  on 
the  other.    Decidedly  greasy  is  the  characteristic."  ^ 

16.  Gneiss.  No  typical  mica-gneiss  was  found  in  the  iron-bear- 
ing series  so  far  as  made  out  by  me  in  the  Marquette  region,  but  Dr. 
Rominger  considers  certain  granitic  and  gneissoid  rocks  north  and 
west  of  Marquette,  which  I  did  not  study  but  regarded  as  Lauren- 
tian,  to  belong  to  this  series.     I  have  but  little  doubt  but  that  the 

>  See,  also,  Dr.  Hunt's  remarks  on  unctuous-feeling  schists  in  appendix. 
Vol.111.  — ^4 
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younger  Huronian  rock  made  out  in  the  Menominee  region  (the  gran- 
itic bed  XX)  will  yet  be  identified  in  the  Marquette  regioh,  and  will 
be  found  to  be  more  or  less  gneissic  The  very  rocks  mentioned 
above  may  possibly  be  Upper  Huronian;  the  granites,  etc,  southwest 
of  Michigamme  lake  very  probably  are.^ 

In  the  Menominee  region  gneiss  is  quite  abundant  in  the  Upper 
Huronian,  not  only  as  occasionally  occurring  in  the  granitic  bed  XX, 
but  forms  a  distinct  bed  (XVII),  occasionally  granitic  [2896],  which 
is  strongly  developed  on  the  Michigan  side  along  the  upper  part  of 
the  Big  Quinnesec  rapids,  where  it  is  associated  with  chloritic  schists 
and  greenstones.  An  "  augen  "  variety  is  found  here  (157),  [2910, 
2346].  The  same  beds  outcrop  extensively  through  the  center  of  the 
east  half  of  Sec.  24,  T.  39,  E.  17  E.,  where  the  black  mica  forms 
minute  lenticular  laminae  (146). 

A.  The  gneiss  above  named  as  characterizing  bed  XVII,  presents 
besides  the  "  augen  '*  variety  (not  abundant),  the  following:  (a).  Fine- 
grained, schistose  to  sub-schistose,  very  hard,  feldspathic  and  mica- 
ceous rock,  weathering  red  on  surface  [2349].  (b).  Typical  gray  gneiss 
with  small  crystals  of  triclinic  feldspar,  and  large  rare  ones  of  ortho- 
clase.  Mr.  Julien  classifies  these  as  biotite-gneisses,  [2873  to  2SS0, 
2908  to  2914].  Dr.  Wichmann  found  what  he  regards  as  original 
calcite  in  the  same  rock  (146).  (c).  Homblendic  varieties  occur, 
through  which  the  rock  graduates  into  hornblende-schist  and  probably 
chloritic  schist. 

B.  Hornhlende-gneisa  occurs  in  bed  XIX,  south  of  the  Pine  river 
near  the  Poplar,  (117),  [2761],  and  at  a  few  other  localities,  [2120, 
1762,  2105,  2805]. 

C.  Sericite-gneiss  (147),  formerly  called  protogine,  is  found  in  bed 
XVII,  at  Sturgeon  Falls  on  the  Menominee.  At  Big  Quinnesec,  in 
an  older  bed  is  a  somewhat  similar  rock,  called  sericite-schist,  [2071], 

D.  Granitic- gneiss^  often  porphyritic,  occurs  as  a  semi-schistose 
variety  of  the  granite  of  XX,  [2859],  and  rarely  in  bed  XVII,  [2896]. 

E.  A  provisionally  named  protogine  conglomeritio  gneiss  (65) 
occurs  as  the  lowest  Huronian  rock  at  the  falls  of  Sturgeon.  In  the 
typical  suite  several  interesting  specimens  are  described  (102, 146, 
117,  3,  7).  Others  of  interest  in  the  general  collection  are  [1656, 
2069, 1757]. 

F.  An  obscure,  green-black,  semi-schistose  variety,  resembling  in 
physical  character  some  greenstones,  is  found  associated  with  the 
great  quartzite  bed  XIV,  in  the  vicinity  of  Lake  Eliza  [2743,  2746, 
2822,  3437].  A  related  rock  in  appearance  occurs  west  of  the  lake, 
and  belongs  apparently  to  a  younger  bed  [2667]. 
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G.  On  the  south  side  of  the  Big  Quinnesec  basin  are  chloritic 
gneisses  [2860,  2852],  which  illustrate  the  transition  of  this  rock  into 
chloritic  schist,  often  associated  with  it  in  this  vicinity. 

Those  desiring  fuller  and  more  strictly  scientific  information 
regarding  the  gneissic  rocks,  are  referred  to  the  two  following  chapters, 
under  specimens  (102, 146, 157,  3,  80,  7, 117,  147).  For  microscopic 
chai-acteristics  exclusively,  see  specimens  [1641, 1656, 146,  2069,  2234, 
944, 1,  mica],  [1762,  2120,  2211,  2105,  hornblende],  [1757,  diorite], 
[3003,  chlorite],  [2271,  sericite]. 

17.  Granite.  Until  my  survey  of  1874,  granite  of  Huronian  age 
was  not  known,  except  as  a  small  dyke  at  Felch  Mountain.  It  is  now 
certain  that  the  large  granite  area  south  of  the  Quinnesec  falls  [2129, 
2859],  in  Wisconsin,  the  granites  and  gneisses  north  of  the  North  Iron 
belt  [2421, 2423],  and  those  between  the  Lower  Michigamme  and  Paint 
rivers  (101)  [3338  to  3341],  overlie  conformably  the  younger  Huronian 
schists,  into  which  they  send  dykes.  Except  near  the  contact  with  the 
underlying  schist,  evidence  of  bedding  is  very  rare,  pointing  towards 
its  possibly  being  eruptive:  e,  g,^  a  great  overflow  at  the  end  of  the 
Huronian  period.  We  have  designated  it  bed  XX,  and,  so  far  as  made 
out,  it  is  the  youngest  Huronian  rock  in  the  region. 

I  think  it  is  probable  that  the  extensive  granitic  belt  southwest  of 
Lake  Michigamme  may  be  the  equivalent  of  the  granite.*  The  work 
being  done  by  Messrs,  Irving  and  Wright  in  the  Penokee  range  will 
undoubtedly  throw  light  on  the  question  of  whether  the  granite  area 
which  there  dtvides  the  Huronian  and  Copper  series  is  of  the  same 
age,  as  conjectured  by  me. 

Those  desiring  fuller  and  more  strictly  scientific  information  re- 
garding the  granitic  group  of  rocks  are  referred  to  the  two  following 
chapters,  under  specimens  (101,  96).  For  microscopic  characteristics 
exclusively,  see  specimens  [1715,  1749,  2129]. 

18.  Porphyry.  No  well  characterized  felsite  porphyries  have 
been  observed  by  me  in  the  Huronian  of  the  Menominee  region,  nor 
between  Marquette  and  Bad  river.  Wis.  Julien  provisionally  called 
No.  (83)  "green  porphyry,"  but  Dr.  Wichmann,  after  careful  study, 
determined  it  to  be  diabase,  having  some  of  the  qualities  of  serpen- 
tine. It  is  probably  an  altered  rock.  In  Central  Wisconsin,  accord- 
ing to  Chamberlin  (Geol.  of  Wis.,  Yol.  II,  pp.  249-251)  and  Irving 
(ditto  pp.  519-521),  bedded  porphyries  are  very  abundant  in  association 
with  quartzite  in  a  series  of  rocks  which  they  assign  to  the  Huronian 
period. 

>  See  my  article  on  ''  The  Youngest  Huronian  Rocks  South  of  Lake  Superior,  and  the 
age  of  the  Copper- bearing  Series,"  Am.  Jour.  Sci.,  Vol.  XI,  March,  1875. 
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In  Foster  &  Whitney's  Eeport,^  Part  2,  p.  26,  etc.,  are  several  men- 
tions of  porphyritic  rocks  seen  on  the  Menominee  between  Peminee 
and  Quiver  falls,  and  from  the  former  locality  I  have  collected  speci- 
mens, although  beyond  the  limits  of  my  survey.  Mr.  Julien  has  de- 
scribed and  named  them  under  porphy rites  (168, 159).  The  talcose 
slates,  "  porphyritic  with  large  crystals  of  red  feldspar,"  mentioned 
by  F.  &  "W.,  were  not  seen.  Besides,  at  this  locality,  a  related  rock 
was  found  1,500  paces  W.  of  the  S.  E.  corner  of  Sec.  21,  T.  41,  R  32, 
Mich.,  associated  with  the  granite  of  bed  XX,  hence  occupying,  as 
near  as  I  can  determine,  the  same  stratigraphical  position  as  the  Pem- 
inee falls  series,  t.  d.,  youngest  Huronian.  These  two  localities  are 
the  only  ones  in  the  Upper  Peninsula  of  Michigan,  or  in  extreme 
Northern  Wisconsin,  where  I  have  observed  rocks  of  this  class  in  the 
Huronian  series. 

The  porphyries  mentioned  in  Owen's  Reports  as  occurring  on  the 
Minnesota  shore  of  Lake  Superior,  may  be  of  the  same  age.  The 
abundance  of  porphyry  pebbles  in  the  conglomerate  of  the  Copper- 
series  also  points  strongly  towards  their  existence  in  the  rocks  of  the 
next  older  period.  I  do  not  find  that  the  Canadian  geologists  have 
observed  porphyries  either  in  the  Huronian  or  Laurentian  bordering 
the  great  lakes.  For  additional  notes  regarding  these  rocks,  see  the 
following  chapter,  under  Nos.  158  to  161;  also,  Dr.  Hunt's  remarks 
on  porphyries  in  Appendix.  Unfortunately  no  rocks  of  this  class 
were  submitted  to  Dr.  Wichmann. 

1 9.  Serpentine.  Serpentinoidal  rocks,  apparently  altered  green- 
stones  (78),  and  having  somewhat  of  an  eruptive  character,  are  rare. 
At  the  Sturgeon  falls  are  related  rocks  [1247,*  2263],  as  well  as  in  the 
L'Anse  Iron  range  (83).  The  locality  of  the  serpentine  on  Presqu'  isle 
[876  •],  described  by  Foster  &  Whitney,  is  classical,  but  still  there  is 
some  uncertainty  as  to  its  age.  It  is  probably  Huronian,  and  presents 
some  of  the  phenomena  of  an  eruptive  mass.* 

'  In  Part  1,  p.  70,  they  mention  "porphyritic  traps "  and  "  qoartsose  porphyry  *'  m 
occurring  in  the  Copper  series  of  rocks. 
•  JuUen,  Mich.  Geol.  Rep.,  Vol.  II,  p.  166.    » Id.,  p.  165. 
*See  Appendix  for  Dr.  Hunt's  remarks  on  serpentine. 
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CHAPTER  IV. 

DESCRIPTION  OF  TYPICAL  ROCKS. 

Description  of  a  suite  of  typical  rocks^  from  the  Huronian  series 
south  of  Lake  Superior^  embracing  162  specimens^  and  helieved  to 
incUide  all  kinds  and  the  chief  varieties. 

The  selection  of  this  suite  has  extended  through  twelve  years,  and 
embraces  the  most  interesting  varieties  from  my  collection  of  Huro- 
nian rocks  of  over  4,000  specimens.  A  brief  mention  was  made  of 
specimens  1  to  81  under  provisional  names,  in  Appendix  B,  Mich. 
Geol.  Report,  1873.  Including  the  Wisconsin  suite  sent  to  Madison, 
twenty-seven  duplicates  of  these  rocks  were  distributed  to  cabinets, 
institutions  and  individuals  in  various  parts  of  the  United  States  and 
Europe.^ 

In  1876,  the  collection  had  increased  to  145  specimens,  and  a  con- 
siderable number  having  been  determined  by  competent  lithologists, 
a  "  classified  list "  was  published  in  the  Amcr.  Jour,  of  Science,  Sep- 
tember, 1876.  The  162  specimens  now  constituting  the  collection, 
embrace,  as  I  believe,  all  the  Huronian  rocks  found  by  Messrs.  Irving 

^University  of  Michigan,  Ann  Arbor,  Mich.;  Michigan  State  Library,  Lanfdng, 
Mich.;  State  Agricultural  College,  Lansing,  Mich.;  Hillsdale  College,  Hillsdale,  Mich.; 
Kalamazoo  College,  Kalamazoo,  Mich.;  Adrian  College,  Adrian,  Mich.;  Albion  Col- 
lege, Albion,  Mich.;  Oh  vet  CoUege,  Olivet,  Mich.;  Boston  Institute  of  Technology, 
Boston,  Mass.;  Harvard  University,  Cambridge,  Mass.;  School  of  Mines,  University  of 
Pennsylvania,  Philadelphia,  Pa.;  School  of  Mines,  Columbia  College,  New  York; 
Union  College,  Schenectady,  N.  Y.;  Cornell  University,  Ithaca,  N.  Y.;  Smithsonian 
Institute,  Washington,  D.  C. ;  Sheffield  Scientific  School,  Yale  College,  New  Haven, 
Conn.;  Stevens  Institute,  Hoboken,  N.  J.;  Washington  University,  St.  Louis,  Mo.; 
The  State  Cabinet,  Madison,  Wis.;  Royal  School  of  Mines,  Stockholm,  Sweden;  Royal 
School  of  Mines,  Freiberg,  Saxony;  Museum  of  Practical  Geology,  London,  England; 
Canadian  Geological  Survey;  United  States  MiUtary  Academy,  West  Point, 
N.  Y.;  Prof.  Raphael  Pumpelly,  Owego,  N.  Y.;  A.  K.  Marvin,  Esq.,  Cambridge, 
Massachusetts  (after  Mr.  Marvin^s  death,  this  suite  was  donated  by  his  widow  to  the 
University  of  Leipeic);  Alexis  A.  Julien,  Esq.,  School  of  Mines,  New  York;  J.  Blodgetfc 
Britton,  Esq.,  Philadelphia,  Pa.  (It  may  be  wall  to  state  that  these  coUoctions  were 
made  by  Msg.  Brooks  personally,  and  are  independent  of  those  distributed  by  the  Wis- 
consin survey,  in  accordance  with  legal  requirement —T.  C.  C.) 


Digitized  by 


Google 


63t  GEOLOGY  OP  THE  MENOMINEE  IRON  REGION. 

and  Wright  in  Wisconsin,  and  not  before  represented.  A  few  familiar 
rocks  under  new  names,  or  from  new  and  important  localities  or  beds, 
have  been  added. 

The  suite  is  now  deposited,  with  my  entire  collection,  including 
several  hundred  thin  sections,  in  the  American  Museum  of  Natural 
History,  New  York  city,  where  it  is  available  for  study;  and  I  hope 
sometime  to  publish  a  final  and  revised  descriptive  catalogue,  which 
shall  bring  the  nomenclature  up  to  the  then  present  state  of  lithology. 
It  is  my  intention  to  duplicate  it  for  exchange;  mete  time  the  best 
half  is  available  to  students  from  the  wide  distribution  of  duplicates. 
By  condensing,  as  it  were,  the  chief  lithological  interest  on  a  com- 
paratively few  specimens  selected  with  great  care,  the  studies  and 
comparisons  of  those  who  have  not  time  nor  inclination  for  protracted 
work,  is  greatly  facilitated.  These  smaller  suites  can  be  duplicated 
and  scattered,  while  the  few  great  collections  must  remain  in  one  place 
necessarily  inaccessible  to  many  who  might  desire  to  consult  them. 

In  the  following  alphabetical  index  of  specimens,  the  free  use  of  the 
interrogation  point  signifies  either  provisional  or  doubtful  names, 
some  obscure  specimens  having  as  many  as  four  names  under  which 
they  are  indexed. 

The  preceding  chapter  may  be  used  as  one  kind  of  lithological 
classification,  and  the  Table  of  Sequence  as  a  stratigraphical  and 
geographical  arrangement  of  this  collection,  the  specimens  of  which 
are  here  arranged  under  the  collection-numbers. 

The  final  names,  descriptions  of  thin  sections,  and  many  of  the 
comparisons  with  rocks  of  other  regions,  are  by  the  following-named 
gentlemen,  who  have  examined  either  the  hand-specimens  or  thin 
sections  of  the  rock  of  this  suite  under  which  their  observations  ap- 
pear: Samuel  AUpert,  Geo.  J.  Brush,  T.  Sterry  Hunt,  Qeo.  W. 
Hawes,  Alexis  A.  Julien,  Eaphael  Pumpelly,  Frank  Kutley,  A.  E. 
Tornebohm,  Chas.  E.  Wright  and  Arthur  Wichmann. 

No8. 1,  4, 14,  60,  62,  63,  80, 86,  87,  92,  93, 95, 100,  are  wantinfir.  Nos.  140,  143, 141, 
78, 116, 118,  79,  82,  120, 102, 117, 104, 109.  107,  106, 129,  58,  123,  126,  124,  125,  127, 
55,  89, 134, 112,  27,  37, 12, 139,  constitute  R.  Fuess's  (Berlin)  •*  Selection  No.  8.  Thirty 
tliin  sections  of  Typical  Horonian  rocks  from  south  of  Lake  Superior,  from  collection  of 
M^jor  T.  B.  Brooks." 


ALPHABETICAL  INDEX. 


Actinolite  schist,  105, 129. 

Anthophyllo,  130?. 

Magnetic  58,  131, 152. 
AnthophyUite-schist,  27?,  58?. 

Maflrnetic  130?. 

Mangoniferous,  59?. 
Antholite  sdiist,  58?. 


Argillaceous  schist  and  slate,  20. 

Chloro-  114?. 

Feldspatliic  12?,  28?,  55?,  132?. 

Micaceous,  56?. 
Auffite  schist,  micaceous,  107. 
Biotite  schist,  156. 
Carbonaceous  schist,  64?.  (See  day  slate.) 
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Alphabetical  Index  —  (continaed). 


Chertrbreccia.  85. 

Chiastolite  schist,  149.    Micaceous,  23?. 

Chloriticschisfc.  10?,  55,  70?,  73,  76?,  119. 

Actinolitic,  184. 

Peldspathic  31, 132. 

Magnetic  28?.  109?. 

Micaceous,  89,  110?,  133. 

Porphyritic,  63. 
Chloritic  Potstone  schist,  73?. 
Clay  slates,  10?.  12?.  13?,  20,  73?,  74?, 
81. 91, 113^114. 

Carbonaceous,  64,  115. 

Micaceous,  111. 
Diabase,  70,  72,  79,  82,  94,  99, 120,  121. 

Quartz,  122. 
Diorite,  18?,  30?,  69?,  72?,  75,  77?,  79?, 
116?,  127?. 

Chloritic  71?,  119? 

Magnesian,  78?. 

Micaceous.  22?. 

Quartz,  118. 

Trappean,  82?,  94?. 

Wacke,  chloritic  98?. 
Dioritic  schist.  29?,  70?,  76?. 

Micaceous,  107?. 
Dolomite,  11.  143.    (See  limestone.) 
Kklogite,  27,  151. 
Flag-ore. 

Siliceous  magnetic  23?. 

Actinolitic  153. 
Gabbro,  69?. 
Gametrock,  27?,  150. 
Gneiss,  90?. 

Biotite  (Augen),  157. 

Chloritic  3,  80. 

Feldspathic  7. 

Hornblende,  117. 

Mica,  102. 146. 

Sericite,  147. 

Syenite,  117. 
Granite.  101. 

Ferruginous,  96. 
Grannlite.  3?. 
Graphitic  schist,  115?.    See  Carbonaceous 

and  clay  slates. 
Greenstone.  122?.    See  Diorite  and  Dia- 
base. 

Aphanitic  magnetic,  15?. 

Porphyriiic  83?. 
Greenstone  schist,  103?.  155?. 

Micaceous,  31?,  120?. 

Calcareous,  121  ?. 
HemaUte.  5,  67. 135,  136. 

Ochrey,  25.  34.  35. 

Manganiferous,  24. 

Magnetic  43. 

Kaolinic  44. 
Hornblende  rock,  18,  22,  30,  106?,  123, 

126. 
Hornblende-schist,  29,  76.  88.  124,  125. 

Micaceous,  71,  127, 128. 


Hydro-mica  slate  (Staurolitic),  54?    See 

Sericite. 
Jasper-schist,  37.  84. 
Jasper-breccia,  85? 
Kersantite  (Mica  Trap).  155. 
Limestone  or  Marble.  9,  11?. 

Dolomite,  9,  66.  142. 

Ferruginous,  97. 

Micaceous.  144. 

Siliceous,  141. 

Tremolitic?,  142?. 
MagncUte,  39,  40,  41,  42. 

Actinolitic  17? 

Chloritic  17. 

Homblendic,  148. 
Martite  schist,  2. 
Mica  schist.  53^  54?.  56?,  90, 104, 109. 

Actinolitic,  105. 

Chloro-  103. 

Feldspathic  103. 

Homblendic  106. 

Staurolitiferous,  61. 

Tremolitic  «9. 

Biotite  schist,  156. 
Mica  slate,  110. 

Magnetic  15. 
Mica  trap  (kersantite),  155. 
Micaceous-iron  schist,  46,  49. 
Novaculite,  10.  12,  13. 
PhyUite,  111. 
Plumbaginous  schist.  64?    (See  carbona* 

ceous  and  clay  slate.) 
Porphyry,  quartz.  161.  162. 
Porphyrite.  158,  159,  160. 
Protogine,  102?,  147?. 

Conglomerate,  65?. 
Quartzite,  8,  21,  50.  137,  139. 

Chloritic  138. 
Quartz-conglomerate,  145. 

Micaceous,  51. 
Quartz-schist. 

Limonitic,  26. 

MagncUcl5?,  19?,  52,23. 

Micaceous,  140, 146?. 

Micaceous-iron,  16?,  32,  33, 36. 

Ochrey,  57. 
Sandstone,  139?. 

Seridte-schist.  54,  112.    (See  hydro-mica 
schist.) 

Gneiss.  147. 
Serpentine.  78.  83,  122?. 
Siliceous  schist. 

Magnetic  19. 

Talcose,  13?. 
Specular  schist  and  ore,  2.  5.  6, 16, 38, 43, 

44.  45,  47,  48,  68, 154. 
Syenite,  116. 

QuartaBOse,  3?. 

Homblendic  77. 
Talc  schist.  53?,  54?,  74,  112?. 
Turgite  schist,  98. 


No.  2  (3002 '). —  Martite  schist  (Julien)  (porous,  granular,  specuhi. 
'  The  numbers  in  brackets  are  the  collection  numbers. 
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ore).  Compare  Nos.  43,  44.  Differs  from  Julien's  No.  239,  Mich. 
Rep.,  Vol.  II,  p.  123,  in  being  cellular  and  containing  kaolin.  Is 
rather  fine-grained,  slightly  magnetic,  massive,  pseudomorphous  after 
magnetite.  Sp.  Gr.  4.12  to  4.39.  Rich  in  metallic  iron  and  valuable 
as  an  ore. 

Loc.  Below  bed  V  near  "  Old  Michigan  Mine,"  in  a  small,  ins- 
ular, possibly  seggregated,  mass  in  schist.  A  similar  ore,  but  less 
porous,  is  found  in  bed  XIII,  Marquette  region,  and  also  in  the 
Menominee  region  in  bed  VI.  The  Gillmore  and  Chippewa  ores  in 
the  same  horizon  are  related.  See  Mich.  Geol.  Rep.,  Vol.  I,  p.  94. 
In  neither  case  does  the  amount  seem  large. 

-  No.  3  (3003).  —  Chlorite-gneiss  (Wichmann).  Has  also  been  called 
talcoid  gneiss.  Compare  Nos.  65  and  102.  Has  much  resemblance 
to  Laurentian  chloritic  gneisses  and  to  Huronian  protogine  gneisses. 
Greenish-gray,  semi-schistose,  weathering  brown.  Sp.  Gr.  2.65  to  2.76. 
Constitutes  a  bold  east  and  west  ridge  two  miles  north  of  Clarksburgh, 
probably  bed  V,  as  large  quantities  of  a  similar  rock  are  found  in 
Sees.  25,  26,  27,  28,  29,  T.  47,  R  27,  replacing  or  associated  with  the 
quartzite  of  bed  V.  Related  rocks,  believed  to  be  Laurentian,  occur 
in  Sec.  16,  T.  49,  R  33,  L'Anse  Iron  District.  See  Julien's  Nos.  298, 
299,  Mich.  Geol.  Rep.,  Vol.  II,  p.  154,  and  remarks,  p.  31. 

"  The  feldspar-constituent  is  chiefly  represented  by  orthoclase,  which 
is  much  altered.  The  change  starts  from  the  fissures,  and  numerous 
scales  of  a  mica-like  mineral  have  been  derived  from  it  Plagiodase 
is  recognizable  by  the  twin-lamellation,  which  it  shows  in  polarized 
light  The  large  pellucid  granules  of  quartz  contain  many  fluid- 
enclosures  and  some  colorless  microlites.  Membranes  of  hydrated 
oxide  of  iron  occur  in  t)^e  fissures.  Chlorite  is  less  abundant  than 
the  above  mentioned  constituents.  It  forms  irregular  green  scales 
and  folia,  which  generally  are  aggregated  in  clusters.  Small  indi- 
viduals of  hornblende  appear  but  are  not  of  frequent  occurrence.  A 
little  apatite  is  present  in  orthoclase." —  Wichmann.  See,  also,  his 
report,  §  106,  for  a  description  of  this  rock. 

^^  Has  some  resemblance  to  certain  reddish  gneisses  that  are  found 
in  some  parts  of  East  and  West  Gothia  and  even  elsewhere.  These 
are.,  however,  not  common  or  well-defined  types  among  the  Swedish 
gneisses.  The  same  may  be  said  of  Nos.  65,  80,  and  (870)."  * — ^Tome- 
bohm. 

'^  The  section  of  this  rock  under  the  microscope  is  seen  to  consist 
of  irregular  patches  of  quartz  composed  of  aggregates  of  crystals,  of 
feldspar  somewhat  altered,  and  finely  disseminated  scales  of  a  jjeen 

>  Julien,  Mich.  GeoL  Rep.,  Vol.  U,  p.  143. 
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mineral  which  is  dichroic  and  may  be  either  chlorite  or  hornblende, 
for  the  most  part  probably  the  latter.  The  rock  is  some  form  of 
gneiss  or  grannlite.  Other  minerals  than  those  specified  may  be 
present.  The  feldspar  appears,  at  all  events,  partly  to  be  orthoclase." 
— Ratley. 

No.  5  (3005).  —  Fine-grained  Hematite  scUst  (siliceous  specular 
ore).  Compare  Nos.  6,  68,  43.  Related  to  Julien's  No.  240,  Mich. 
Eep.,  YoL  II,  p.  123.  Numerous  small,  ill-defined  octahedra;  occa- 
sional minute  quartz  veins;  somewhat  hard;  feebly  magnetic;  schist- 
ose to  massive,  the  latter  being  far  less  common.  Sp.  Gr.  2.65  to 
2.76.  An  average  sample  gave  Chandler  and  Cairns:  Fe^  O^  83.70, 
MnO,  trace,  APO'  3.34,  CaO  .75,  MgO  .34,  S  .03,  PO'  .24,  SiO^ 
10.67,  HO  .87,  =  99.94. 

Zoo.  Below  bed  V.  West-End  Pit,  Cascade  Mines.  A  worka- 
ble layer  of  a  good  quality  of  specular  ore,  associated  with  the  quartz- 
ose  hematitic  fiags  (No.  6)  which  prevail.  Similar,  but  more  quartz- 
ose  than  the  massive  varieties  of  ore  from  bed  XIII,  Marquette,  and 
more  like  that  in  Sec.  31,  T.  42,  R.  29,  bed  VI,  Menominee  region. 
See  Julien's  No.  239,  Mich.  Rep.,  Yol.  II,  p.  123.  Has  been  smelted 
for  several  years. 

No.  6  (3006).  —  Granullferous  specalar-iron  schist  (Julien) 
(bird's-eye  ore).  Resembles,  except  in  granules,  No.  68.  Compare  Nos. 
38,  45.  Less  rich  in  iron  than  Julien's  No.  237,  Mich.  Rep.,  Vol.  II, 
p.  122.  Made  up  of  micaceous-iron,  with  considerable  siliceous  mat- 
ter, in  which  are  imbedded  numerous  small  grains  of  decomposed 
garnets  (?),  around  which  the  micaceous  scales  warp.  Sp.  Gr.  3.61  to 
3.90.  An  average  sample  gave  Britton:  Fe^O«  71.98,  MnO  .01,  APO^ 
.68,  CaO  .16,  MgO  .06,  S  .04,  PO**  .07,  insoluble  siliceous  matter 
25.26,  HO  1.03.    Alkalies  undetermined  and  lost,  .71,  =  100.00. 

Zoo.  Below  bed  V,  Bagley  Pit,  Cascade  Mines,  where  it  con- 
stitutes a  variety  of  the  prevailing  siliceous  specular  fiag-ore.  Some- 
what similar  ores  are  found  in  beds  X,  VIII  and  VI,  Marquette 
region,  and  bed  VI,  Menominee  region.  The  "  bird's  eye  "  variety 
has  only  been  found  in  the  Cascade  range  in  quantity.  Has  been 
worked  to  a  limited  extent,  but  is  less  valuable  than  No.  5.  Con- 
tains not  enough  iron  and  too  much  silica. 

No.  7  (3007). — Bed  orthoclase  granitic  gndlss.  No  allies. 
Compare  No.  96.  A  coarse  crystalline  aggregate,  chiefiy  of  white 
quartz  and  flesh-colored  orthoclase,  with  perhaps  a  little  white  mica. 
Has  considerable  lithological  resemblance  to  granite  veins  in  bed 
XIX,  Menominee  region,  as  well  as  to  similar  dykes  in  the  Lauren- 
tian.    Sp.  Gr.  2.53  to  2.62. 
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Loc.  One  hundred  yards  north  of  the  west-end  pit,  Cascade  mines, 
and  probably  in  bed  IV.  Apparently  quite  local,  and  possibly  a 
dyke.  It  has  nearly  the  same  stratigraphical  position  as  the  syenite, 
No.  116,  and  the  feldspar  is  similar,  but  no  other  resemblance. 

"Something  like  that  rock  may  no  doubt  be  found  among  the 
Swedish  gneisses,  but  certainly  only  as  a  rare  and  local  variety.  At 
the  moment,  I  remember  no  instance." — Tornebohm. 

No.  8  (3008).  —  Glassy^  arenaceous  quartzlte.  (Brownish-gray 
quartzite.)  Compare  Nos.  138,  21  and  137.  Julien's  No.  129  is  finer 
grained  and  contains  more  ochre,  and  weathers  whiter.  Mich.  Eep., 
Vol.  II,  page  69.  See  also  references  under  No.  137.  Massive,  made 
up  of  medium-sized,  glassy,  crystalline  grains  of  quartz,  and  a  little 
black  mica.  Weathered  surface  but  little  changed.  Is  more  gran- 
itoid in  appearance  than  the  great  quartzite  bed  II,  of  the  Menominee 
region  (No.  137).    Sp.  Gr.  2.65  to  2.71. 

Loc.  Bed  V,  Republic  mine,  where  it  constitutes  a  thick  layer, 
the  lowermost  of  that  series  reposing  nonconformably  on  the  Lauren- 
tian,  overlaid  by  chloritic  schist.  Where  calcareous  rocks  are  pres- 
ent, as  in  the  eastern  portion  of  the  region,  there  is  an  almost  insen- 
sible gradation  from  quartzites  to  dolomites.  See  Julien's  110,  Mich. 
Kep,,  Yol.  II,  p.  59.  See  also  remarks  under  the  limestone.  No.  141. 
A  pure  variety  was  crushed  and  employed  for  Bessemer  converters, 
for  which  purpose  it  is  said  to  have  answered  well. 

No,  9  (3009).  —  Mottled  dolon;dte-marble  (Julien).  Compare  Nos. 
143,  11,  66,  all  from  same  bed.  Several  varieties  are  described  by 
Julien  in  Mich.  Rep.,  Vol.  II,  pp.  56  to  61.  Mottled  white  and  dnll- 
red,  fine-grained,  serai-schistose;  effervesces  with  acid  only  when 
pulverized.     Sp.  Gr.  2.80  to  3.06.    See  analysis  of  No.  66. 

Loc.  Bed  V.  Chocolate  flux  quarry,  near  Marquette;  associated 
with  quartzose  rocks  and  beds  of  brownish  argillaceous  slate  (novac- 
ulite,  Nos.  10,  12),  and  underlaid  by  hydrous  magnesian  slates  and 
quartzites.  All  much  contorted.  See  Mich.  Kep.,  Vol.  II,  p.  243, 
Fig.  18.  Similar  rocks  occur  at  the  Morgan  furnace  and  near  Lake 
Fairbanks  in  same  bed.  A  purer  variety  constitutes  the  greater  part 
of  bed  Y,  Menominee  region.  See  Nos.  66, 143, 142.  Has  been  used 
as  a  flux  to  a  limited  extent.  Too  much  silica  and  magnesia.  Beauti- 
fully variegated  varieties  occur,  but  usually  there  are  so  many  joints 
and  seams  as  to  render  it  available  only  for  building  purposes. 

No.  10  (3010).  — NoTacullte  (Wright).  Has  also  been  called  chlo- 
ritic  schist  and  clay  slate.  Similar  to  Nos.  12  and  13.  Kesembles 
Julien's  Nos.  182, 183,  190  to  193,  Yol.  II,  Mich.  Kep.,  pp.  96-100. 
A  greenish-gray  or  chocolate,  sometimes  mottled,  slate,  intermediate 
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in  character  between  chloritic  and  clay  slates,  with  oblique  cleavage, 
moderately  fissile.    Sp.  Gr.  2.78  to  2.87. 

Loc.  In  bed  V  at  Chocolate  Quarry,  L.  S.,  associated  with  dolo- 
mites and  quartzose  rocks  as  described  under  Ko.  9.  Has  been  found 
at  several  points  in  this  bed.  This  kind  of  rock  has  not  been  observed 
elsewhere  in  the  Archaean,  south  of  Lake  Superior. 

No.  11  (3011). —  Salmon-colored  dolomite  (Julien).  (Coarsely 
crystalline  marble.)  Compare  Nos.  142,  141  and  9.  Julien's  Nos. 
108, 109,  Mich.  Eep.,  Yol.  II,  p.  58,  are  from  same  bed.  A  coarse, 
highly  crystalline,  lustrous  mass,  with  large  tabular  crystals  having 
some  resemblance  to  orthoclase.  EflTervesces  very  slowly  in  cold  acid. 
Sp.  Gr.  2.78  to  2.87. 

Loc,  Bed  V.  Morgan  Furnace  Quarry.  A  pure  and  rare  vari- 
ety of  the  dolomite,  associated  with  siliceous  and  mottled  varieties, 
and  with  beds  of  the  dark-purple  novaculite,  No.  12.  See  remarks 
under  No.  9.  The  marble  from  this  locality  is  the  best  known  in 
this  region  for  flux,  and  has  been  quite  extensively  employed. 

No.  12  (3012).  — Novaculite  (Wright).  Has  been  called  purple 
clay  slate  and  mottled  feldspathic  argillite.  Similar  to  Nos.  10  and 
13.  DiflTers  from  No.  10  in  being  purplish-brown  and  spotted.  Sp. 
Gr.  2.71  to  2.88. 

Loc.  Bed.  y.  Morgan  Furnace  Quarry.  See  Nos.  10,  11. 
Somewhat  like  the  clay  slate  near  Plauen  in  Yoigtland,  Saxony. 
(TVapler.)  See  No.  13  for  use.  "  In  the  amorphous  substance  are 
many  crystalline,  colorless  needles.  Some  hematite  in  form  of  small 
folia.  A  little  quartz.  The  black  substance  is  probably  coal.*' — 
(Wichmann.) 

No.  13  (3013).  — Novaculite  (Wright  and  Wichmann).  Has  been 
called  clay  slate  and  talcoid  siliceous  schist.  Similar  to  Nos.  10  and 
12.  See  Julien's  No.  161,  Mich.  Eep.,  Yol.  II,  p.  85.  Lighter  col- 
ored, harder,  less  fissile  and  more  lustrous  than  Nos.  10  or  12.  Re- 
garded as  the  most  typical  form  of  this  rock.    Sp.  Gr.  2.71  to  2.78. 

Loc.  Bed  Y,  Whetstone  quarry.  Teal  lake.  In  a  small  lenticular 
bed,  associated  with  quartzite.  As  early  as  1850,  whetstones  were 
quite  extensively  quarried  and  sold  from  this  locality,  but  are  not  at 
present. 

"Novaculite  represents  especially  clay  slates  which  are  rich  in 
quartz,  and  numerous  scales  of  a  talcy  mineral  which  are  parallel  to 
the  splitting  plane.  The  argillaceous  material  is  filled  with  a  dust- 
like material,  and  some  clusters  of  hydrated  oxide  of  iron.  Small 
prisms  of  tourmaline  occur,  which  generally  have  broken  into  several 
pieces.    Hematite,  in  the  form  of  small  blood-red  folia,  is  irregularly 
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distributed  throughout  the  whole  rock.  Irregular  grains  of  garnet 
appear  here  and  there." — Wichmann. 

"  Is  not  like  anything  in  our  Archoean  formation,  but  has  some  re- 
semblance to  certain  clay  slates  interstratified  in  the  red  sandstone  of 
Dalecarlia,  which  is  believed  to  be  Cambrian.  The  same  applies  to 
No.55."— Tomebohm. 

No.  15  (3015). — Magnetic  mica  slate  (Julien).  Has  been  called 
greenstone  schist,  with  much  magnetite.  Compare  Nos.  23, 36  and  131. 
Fine-grained,  grayish-black,  apparently  made  up  of  quartz,  magnetite  > 
and  chloritic  (?)  mica,  which  is  conspicuous  on  weathered  seams.  Sp' 
Gr.  3.13  to  3.42. 

Loc.  Bed  VI,  Republic  Mine,  is  chiefly  made  up  of  this  schist, 
which  is  often  distinctly  banded  on  weathered  surface;  overlaid  by 
greenstone  and  underlaid  by  quartzose  and  schistose  rocks.  Beds  VIII 
and  X  of  the  Marquette  series  often  contain  similar  rocks.  Similar 
rocks  occur  near  Ehrenfriedersdorf  in  Saxony  (Wapler).  See  remarks 
under  No.  23. 

"  In  thin  section  the  colorless  and  striated  (or  fibrous)  mineral, 
which  somewhat  predominates  in  quantity,  appears  to  be  muscovite; 
between  the  crossed  nicols,  it  polarizes  brilliantly.  Biotite  is  also 
prominent  in  scales  of  a  brownish -green,  brownish-yellow,  etc.,  which 
are  dichroitic.  Magnetite  is  abundant  in  blackish-gray  scales  and 
plates,  often  presenting  hexagonal  and  octagonal  cross-sections.  They 
are  often  encircled  by  ochreous  films  and  chords  of  a  brownish-yellow 
color.  Quartz  seems  to  be  represented  by  a  few  clear  and  colorless 
granules."  —  Julien. 

No.  1 6  (3016).  —  Micaceous-iron  quartz  schist.  Popularly  called 
"fish-scale  ore."  Similar  to  Nos.  32  and  33.  Compare  Nos.  37 
and  49.  Fine-grained,  dull,  reddish-brown,  arenaceous  quartz,  to 
which  a  marked  schistose  structure  is  imparted  by  exceedingly  thin 
laminae,  composed  of  angular  scales  of  hemitite,  which  glisten  and 
glitter  on  the  splitting  planes.    Sp.  Gr.  2.92  to  3.42. 

Loc.  At  the  Cannon  Mine,  Sec.  28,  T.  47,  R  30,  where  this 
rock  occurs  in  small  quantities  in,  or  near,  bed  V.  In  it  is  a  seam 
one  foot  thick  where  the  specular  ore  predominates.  The  rock  gradu- 
ates into  or  is  intimately  associated  with  micaceous  quartz -schists. 
Except  in  the  eminently  micaceous  character  of  the  iron,  this  rock 
has  resemblance  to  the  similar  schists  of  bed  XII,  Marquette  region, 
and  to  certain  ores  in  bed  VI,  S.  W.  of  L.  Antoine,  in  the  Menomi- 
nee region.  This  Cannon  location  has  been  much  explored,  but  no 
valuable  ore  has  been  found  in  paying  quantities. 

No.  17  (3017).— Chloritic  magnetite  schist  (Julien).    (Tabular 
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magnetic  ore.)  Compare  Nos.  42,  23,  19,  148.  Brownish-black, 
exceedingly  fine-grained,  hard,  containing  hornblende  in  irregular 
bunches  and  seams,  and  in  places  numerous  quartz  laminse.  It  is 
tougher  and  more  compact  than  any  other  equally  rich  magnetic 
ore.  Sp.  Gr.  4.15  to  4.51.  An  average  sample  gave  F.  B.  Jenney: 
Fe^O^  78.35,  Mn'O^  .10,  APOHrace,  CaO  .69,  MgO  .21,  S  .58,  PO'  .151, 
insoluble  siliceous  matter  19.64,  undetermined  and  lost  .279=100.00. 

Log.  Magnetic  Mine,  Sec.  20,  T.  47,  E.  30,  from  bed  VI  or  lY, 
where  it  occurs  associated  with  thin-bedded  gray  quartzite  and  over- 
laid by  greenstone.  See  MicL  Rep.,  Vol.  J,  p.  132.  This  tabular 
hornblendic  ore  has  not  been  observed  elsewhere,  but  it  resembles 
some  varieties  in  bed  XIII.  See  Julien's  No.  228,  Mich.  Eep.,  Vol. 
II,  p.  117. 

A  workable  deposit  of  ore,  which  will  yield  about  55  per  cent  of 
metallic  iron  in  the  furnace,  has  been  opened. 

"  Appears  to  be  identical  with  the  variety  of  magnetite  occurring 
west  of  Greensboro,  K.  C,  and  at  other  localities  in  that  state." — 
Julien. 

"  In  the  thin  section,  magnetite  largely  predominates  in  minute 
octahedra,  grouped  together  in  an  irregular  network.  Quartz  occurs 
in  colorless  granules.  Ilornblende,  brownish-yellow  to  brownish- 
green,  is  abundant  here  and  there  in  radiated  masses,  with  the  usual 
cleavages  and  strong  dichroism.  By  its  green  forms  it  is  seen  to  pass 
into  chlorite,  which  also  occurs  in  irregular  or  bladed  scales." — Julien. 

No.  18  (3018).—  Hornblende  rock  (Wright  and  Wichmann).  Has 
also  been  called  coarse  Hornblendic  Diorite.  Like  Nos.  22  and  30. 
Compare  Nos.  77,  75  and  88.  Resembles  JuUen's  No.  303  (probably 
from  same  bed),  Vol.  II,  p.  106.  Greenish-black,  speckled  with  gray, 
medium-grained,  massive  to  semi-schistose,  weathering  gray  and  brown 
like  the  diorites,  to  which  it  is  related  in  appearance,  but  is  blacker 
and  of  higher  specific  gravity.     Sp.  Gr.  2.94  to  3.08. 

Loc.  Bed  VII,  Republic  Mine.  The  prevailing  rock  in  this  bed, 
which  has  nearly  the  same  character  at  the  Washington  Mine.  Similar 
hornblende  rocks  also  occur  in  bed  IX.  Exactly  identical  rocks  have 
not  been  observed  in  the  Menominee  region,  where  they  are  often 
lighter  colored  and  coarser  grained,  although  Nos.  123  and  127  from 
there  are  closely  related.  Similar  rocks  are  rare,  if  not  absent,  in  the 
Gogebic  region.  "  Compare  with  the  similar  variety  from  the  Greens- 
boro belt  in  N.  C."  (See  Geol.  of  K  C,  Vol.  II)  — Julien. 

No.  19  (3019).  — Magnetic  siliceous  schist  (Julien).  Resembles 
No.  23,  which  contains  more  iron,  and  No.  5.  An  iron-gray  homo- 
geneous mixture  of  fine-grained,  compact  quartz  and  magnetite  grains. 
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Another,  and  the  prevailing  variety  is  schistose  and  in  places  almost 
slaty,  the  weathered  surface  of  which  is  distinctly  striped  reddish, 
blackish,  whitish  and  greenish,  suggesting  a  rag  carpet  The  green 
color  may  be  due  to  chlorite;  the  others  are  apparently  from  the  oxides 
of  iron.     Sp.  Gr.  3.46  to  3.57,  which  indicates  considerable  iron. 

Loc.  Bed  VIII,  Republic  Mine,  which  is  quite  thin  (40  to  50 
feet),  is  mostly  constituted  of  this  schist,  which  is  similar  to  that  in 
bedVI. 

No.  20  (3020).  — Clay  slate.  Compare  Nos.  81, 113  and  10.  See 
Julien's  Nos.  191  and  221,  Mich.  Bep.,  Vol.  II,  pp.  99  and  114.  Dull, 
dark,  brownish-gray,  with  imperfect,  oblique  cleavage,  moderately 
fissile,  clay  slate.  The  bedding  planes  are  marked  by  faint  bands 
forming  an  angle  in  one  specimen  of  30®  with  the  cleavage  planes. 
Sp.  Gr.  2.67  to  2.71. 

Loc,  Bed  VIII,  as  exposed  in  the  railroad  cut,  one  mile  E.  of 
Negaunee.  This  rock  is  also  to  be  seen  on  the  S.  shore  of  Teal  lake. 
In  another  place  it  is  associated  with  a  quartzite  similar  to  No.  21. 
Clay  slates  arc  most  abundant  in  the  L'Anse  and  Huron  Bay  districts 
of  the  Marquette  region,  and  in  the  Menominee  region,  where  they 
are  usually  destitute  of  oblique  cleavage.  Sngh  cleavage  appears  to 
be  confined  to  slates  associated  with  quartzites  or  marble.  See  fur- 
ther remarks  under  No.  113.  No  slates  that  promise  to  have  value 
equal  to  that  represented  by  No.  81,  have  been  found  in  this  bed. 

No.  21  (3021).  — Gray  qnartzite.  .Compare  Nos.  8  and  137.  See 
Julien's  Nos.  126  to  135,  Mich.  Kep.,  Vol.  II,  p.  68  to  72,  for  several 
varieties.  Fine-grained,  gray,  arenaceous,  glassy,  slightly  mottled 
with  light-brown  spots,  massive,  semi-conchoidal  fracture,  slightly  in- 
fluenced by  weather.    Sp.  Gr.  2.64  to  2.69. 

Loc.  Bed  VIII,  N^  W.  end  of  Lake  Fairbanks.  This  layer  is 
neither  thick  nor  wide-spread.  The  clay  slates.  No.  20,  prevail  in  this 
bed.  Similar  quartzite  occurs  with  the  roofing  slate  in  the  Huron 
Bay  district,  and  closely  related  rocks  are  generally  distributed.  See 
remarks  under  No.  137. 

No.  22  (3022).  — Hornblende  rock  (Wright,  Eutley,  Wichmann), 
A  variety  has  been  called  micaceous  altered  diorite.  Like  Nos.  18 
and  30.  Compare  Nos.  75  and  77.  A  little  finer  grained,  otherwise 
like  No.  18.  Nos.  123  and  127  are  the  nearest,  and  not  abundant, 
varieties  observed  in  the  Menominee  region.  A  brownish  micaceous 
mineral  appears  on  the  weathered  surface  of  some  varieties.  Sp.  Gr. 
2.96  to  3.05. 

Loc.  From  bed  IX,  Republic  Mine,  which  is  chiefly  constituted 
of  similar  rocks,  which  graduate  into  varieties  related  to  diorite. 
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**  Under  the  microscope,  the  hornblende  shows  its  characteristic 
structure.  The  green  prisms  lie  confusedly  together.  In  sections  cut 
perpendicular  to  the  main  axis,  the  prismatic  cleavage  is  distinctly 
recognizable  by  fissures,  which  cross  one  another  at  an  angle  of  124* 
30'.  In  sections  parallel  to  the  main  axis  the  prisms  show  a  longi- 
tudinal striation.  The  hornblende  is  also  characterized  by  a  strong 
dichroism,  which  it  shows  when  tested  by  a  single  nicoPs  prism. 
Aggregations  of  irregular  individuals  of  orthoclase  (and  a  little  plagio- 
clase)  represent  the  ground- mass.  The  constituent  individuals  show 
partly  a  beginning  of  alteration.  A  little  quartz  appears  in  irregular 
water-clear  grains.  Small  prisms  of  tourmaline  occur  now  and  then. 
Biotite  is  abundant,  and  always  found  associated  with  hornblende. 
Magnetite  and  titanoferrite  are  present.  Hexagonal  prisms  and  needles 
of  apatite  occur,  especially  piercing  the  green  individuals  of  horn- 
blende."—  Wichmann.     See  also  his  report,  §  144. 

"  This  rock  is  composed  of  quartz  and  hornblende,  together  with  a 
mineral  which  in  section  under  the  microscope  is  opaque,  and  which 
is  probably  partly  pyrites  and  partly  some  altered  form  of  hornblende. 
Apparently  no  magnetite  is  present,  as  the  rock  does  not  affect  the 
needle.  There  are  also  some  minute  translucent  prisms  visible;  among 
these,  some  may  be  apatite,  but  no  good  transverse  sections  are  to  be 
seen,  and  most  likely  the  majority,  if  not  all  of  them,  are  minute 
hornblende  crystals."  —  Rutley. 

No.  23  (3023).  —  Magnetic  siliceous  schist.  Provisionally  called, 
siliceous  magnetic  flag  ore.  Resembles  No.  19.  Compare  No.  15. 
Contains  more  iron,  otherwise  like  the  slaty  variety  of  No.  19.  This 
abundant  flaggy  rock,  of  which  there  are  numerous  magnetic  and 
hematitic  varieties,  is  always  a  very  finegrained,  nearly  homogeneous 
mixture  of  iron  oxide  and  siliceous  matter,  sometimes  faintly  banded, 
owing  to  the  predominance  of  one  or  the  other  of  the  ingredients  in 
certain  laminae.  It  will  thus  be  seen  to  differ  entirely  in  structure 
from  such  banded  ferruginous  quartzose  rocks  as  Nos.  32,  37,  62, 
although  very  nearly  agreeing  with  them  in  chemical  composition. 
This  is  a  typical  flag-ore.  These  flag  ores  are  not  siliceous  varieties 
of  the  specular  schists  represented  by  No.  45,  into  which  they  never 
graduate,  and  with  which  they  are  never  stratigraphically  associated, 
but  which,  unfortunately,  they  often  resemble.  Confounding  the  two 
has  been  and  is  still  productive  of  great  losses  in  mining  operations. 
See  Mich.  Eep.,  Vol.  I,  p.  83.  Sp.  Gr.  3.73  to  3.86.  Probably  con- 
tains 40  per  cent,  of  metallic  iron. 

Loo.  Bed  X,  Eepublic  Mine,  like  beds  VI  and  VIII,  is  largely 
made  up  of  these  magnetic,  striped  on  weathered  surface,  siliceous 
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flags.  To  the  eastward  these  beds  change  their  character  materiall}', 
being  more  hematitic  and  less  banded.  The  chief  exposure  of  the 
magnetic  ore  on  the  N.  side  of  Penokee  Gap,  is  very  similar  to 
this,  but  Dr.  Wichmann  finds  hornblende  in  specimens  of  it.  The 
siliceous  flag  ores,  to  which  class  this  belongs,  have  been  experiment- 
ally smelted,  but  were  found  to  contain  too  much  silica  and  too  little 
iron,  like  the  second-class  or  mixed  ores.  No.  37. 

No.  24  (3024).— Manganiferous  ochrey  hematite  ("  soft  hema- 
tite ore").  Like  No.  35.  Compare  Nos.  135,  25,  34.  Tiny  seams 
and  bunches  of  pyrolusite,  quartz,  and  occasionally  of  kaolin.  Brown 
to  purplish-brown,  earthy,  about  the  hardness  of  chalk,  irregular 
fracture.  Passes  into  No.  25,  which  is  a  softer  and  more  earthy 
form  of  the  same.  The  amount  of  water  chemically  combined,  aver- 
aging 4  per  cent,  indicates  that  the  ores  are  not  true  limonitcs,  but 
mixtures  of  the  hydrous  and  anhydrous  oxides,  or  perhaps  turgite. 
Sp.  Gr.  3.10  to  3.54.  An  average  sample  gave  Chandler  and  Cairns: 
Fe'O' 65.40,  Mn^O'  6.71,  APO»  1.46,  CaO  .45,  MgO  .66,  S.  04,  PO' 
.16,  SiO«  22.67,  HO  combined,  1.88,  imcombined  .58=100.01. 

Zoc.  Bed  X.  Near  Negaunee.  Associated  with  quartzose  hem- 
atitic flags,  of  which  these  earthy  ores  seem  to  be  an  altered  form 
from  the  dissolving  out  of  the  silica,  and  incident  hydration  of  a  part 
of  the  iron  oxide  —  hence  of  the  nature  of  residual  deposits.  See 
remarks  under  No.  136.  They  always  occur  in  irregular  pocket-like 
forms.  Ferruginous  brown  chloritic  and  argillaceous  slates  are  fre- 
quent. Although  less  rich  in  iron,  they  are  more  easily  reduced  and 
answer  well  for  mixture,  especially  on  account  of  the  manganese, 
hence  they  are  now  mined  to  a  considerable  extent  when  the  demand 
for  iron  is  good. 

No.  26  (3025).— Disintegrated  ochrey  hematite  ("  soft  hematite 
ore").  Like  No.  34.  Compare  Nos.  24,  35,  and  135.  A  coarse  an- 
gular residual  gravel.    A  more  earthy  form  of  No.  24. 

Zoo.  Bed  X.  Rolling  Mill  Mine,  Negaunee.  See  remarks  under 
No.  24.  Map  No.  6  of  Atlas,  Mich.  Geological  Report,  1873,  repre- 
sents the  group  of  pits  recently  opened  in  this  bed,  from  only  a 
few  of  which  has  much  ore  be^n  shipped. 

No.  26  (3026). — Limonitic  qnartz-schist.  Compare  Nos.  24  and 
25  from  same  bed,  which  may  be  regarded  as  a  more  altered  form  of 
the  same  rock.  Chiefly  brownish  quartz,  irregularly  banded  with 
limonite,  hematite,  and  ochre,  often  porous  and  not  infrequently  con- 
taining kaolin  in  small  irregular  bunches.  Varies  from  a  hornstone 
to  an  earthly  brown  iron-ore,  Nos.  24,  25,  which  is  apparently  the 
same  rock  with  the  silica  mostly  dissolved  out.    Sp.  Gr.  2.99  to  3.38. 
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An  average  sample  gave  Chandler:  Fe^O*  44.33,  APO^  2.14,  Mn^O' 
.16,  CaO  .36,  MgO  .13,  SiO«  47.10,  PO'  .13,  S0»  .17,  HO  5.19  =  99.71. 
By  reducing  the  silica  percentage  and  proportionally  increasing  the 
ifon,  we  have  the  composition  of  the  related  ores. 

Loc.  Bed  X.,  Foster  Mine,  and  elsewhere  in  same  bed,  especi- 
ally near  Negannee;  always  associated  with  the  earthy  limonitic  ores, 
which  often  contain  manganese.  A  similar  rock  occurs  in  bed  XII, 
and  below  bed  V^  of  the  Negaunee  district,  and  in  bed  VI,  Menomi- 
nee region,  and  in  L'Anse  iron  range,  and  W.  of  L.  Gogebic. 

No.  27  (3027).  —  Ekioglte  (Wichmann,  Brush).  Provisional  name, 
ferruginous,  gray,  garnetiferous  schist.  Related  to  150.  Compare 
No.  131  from  same  bed,  also  Nos.  58,  59,  and  130.  Identical  with 
Wright's  anthophyllite  schist  containing  garnets,  No.  1058,  and  with 
Julien's  gray,  anthophyllitic  quartz  schist.  No.  174,  Mich.  Rep.,  Vol. 
II,  pp.  228  and  91.  Closely  related  to  rocks  which  have  been  called 
anthophyllite  schists,  see  Nos.  58,  59.  Brownish-gray,  faintly  streaked 
with  grayish- white,  slightly  glittering.  A  tough,  somewhat  hard,  fine- 
grained, schistose  rock,  characterized  by  the  prevalence  of  a  brownish- 
gray,  silvery,  fibrous,  amphibolic  mineral,  closely  related  to  a  mineral 
in  Nos.  58  and  59,  which  Prof.  Brush  determined  to  be  anthophyl- 
loidal,  if  not  anthophyllite.  Fracture  uneven.  Weathers  reddish- 
brown.  It  has  some  resemblance  to  a  greenstone  found  at  Schwarzen- 
berg.  Saxony.  Sp.  Gr.  3.44  to  3.62.  Its  high  specific  gravity  is  due 
to  the  iron.     Yields  water  in  the  matrass. 

Loc.  From  bed  X,  S.  of  the  Washington  mine,  which  can  be 
traced  west  to  the  Champion  mine.  South  of  the  Keystone  mine,  it 
forms  a  heavy  bed  of  magnetic  schist,  having  a  brown,  mottled,  weath- 
ered surface.  Except  in  bed  XVII,  related  rocks  have  not  been  seen 
in  the  Marquette  region.  In  the  Menominee  region,  similar  rocks, 
more  highly  ferruginous  and  banded  with  arenaceous  quartz  layers, 
occur  in  beds  XIII  and  XV.     See  130. 

"  Under  the  microscope,  we  observe  that  this  rock  consists  chiefly 
of  two  minerals.  The  one  occurs  as  light-green,  nearly  colorless  col- 
umns and  needles.  This  mineral  is  shown  by  its  optical  properties  to 
be  a  homblendic  one,  and  is  called  actinolite.  These  columns  are 
placed  nearly  parallel  to  the  schist-plane,  often  confusedly  together. 
The  other  mineral  is  easily  distinguishable,  macroscopically,  in  the 
section,  as  garnet.  Microscopically,  these  ganiets  are  not  sharply  de- 
fined crystals,  but  appear  in  places  as  highly  fissured  grains.  They 
are  often  pierced  by  needles  and  rocks  of  actinolite.  Next  to  those 
we  find  numerous  particles  of  magnetite." —  Wichmann.  See,  also, 
his  report,  §  165. 
Vol.  III.  — 35 
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"No  rock  of  this  kind  has  yet  been  distinguished  in  North  Car- 
olina." —  Julien. 

No.  28  (3028).  — Micaceous  cUastolite  scUst  (Julien).  Pro- 
visionally called  green  aphanitic  argillaceous  schist.  No  allies.  Com- 
pare Nos.  131,  91  and  149.  A  dark-green,  faintly  banded  on  fresh 
fracture  with  black,  crypto-crystalline  schist,  with  eminently  con- 
choidal  fracture  and  no  disposition  to  split  on  bedding  planes.  Is 
brittle  and  quite  hard,  but  does  not  give  fire  with  steel.  Soon  weath- 
ers to  a  greenish-brown  on  exposure  to  the  air.  On  edges  of  thin 
splinters  it  fuses  readily  before  the  blowpipe  to  a  black  enamel.  The 
magnet  separates  a  small  amount  of  magnetite  from  the  powdered 
rock.  Sp.  Gr.  2.93  to  3.17.  These  differences  are  probably  duo  to 
the  variable  amount  of  magnetite. 

Loc.  Bed  X.  N.  W.  end  of  L.  Fairbanks  in  E.  R.  cut,  overlaid 
by  ferruginous  siliceous  schists,  and  underlaid  by  a  soft,  slaty  rock. 
This  very  peculiar  rock  has  not  been  observed  elsewhere.  No.  131 
may  be  a  coarser-grained  variety,  but  it  differs  in  containing  much 
magnetite,  and  unmistakably  an  amphibolic  mineral. 

Mr.  Eutley  says:  The  foliation  in  this  rock  is  strongly  marked 
when  seen  in  thin  section  under  the  microscope.  The  chief  compo- 
nents are  magnetite  and  felsitic  matter,  with  some  hornblende  and 
quartz.  The  magnetite  lies  either  in  distinct  crystals  or  in  irregular 
patches  and  strings  which  may  be  aggregates  of  crystals.  It  is  mostly 
massed  in  the  latter  manner,  thus  partly  giving  rise  to  the  foliation. 
The  hornblende  crystals  are  small  and  not  very  numerous.  They 
lie  with  their  longest  axes  parallel  to  the  foliation.  The  quartz  occurs 
in  little  irregularly  shaped  spots,  and  there  is  in  places  a  tendency  on 
the  part  of  the  finely  granular  or  crystalline  particles  of  quartz  to 
form  thin  lenticular  partings  in  the  felsitic  substance.  Some  chlorite 
may  be  present,  but  the  section  examined  was  very  thick  and  opaque, 
so  that  but  little  detail  could  be  made  out. 

The  rock  attracts  the  magnetic  needle  strongly.  It  is  a  schist, 
probably  some  metamorphosed  sedimentary  rock,  but  it  is  diflBcult  to 
give  it  any  recognized  name  in  the  absence  of  further  information. 
"  I  never  saw  anything  like  it  in  Sweden.'' — Tornebohm. 
"  The  thin  section  displays  a  very  fine  grain  with  minutely  wavy 
laminsB.  Clear  and  colorless  cross-sections  of  chiastolite  crystals  are 
scattered  through  the  section  and  visible  to  the  naked  eye;  they  exhibit 
a  decided  absorption  for  intensity,  polarize  rather  brightly  between 
the  crossed  nicols,  and  appear  to  consist  of  unaltered  andalusite.  The 
minute  laminse  of  the  ground-mass  bend  around  these  crystals  in  the 
augen-structure.    Magnetite  also  occurs  in  a  few  large  square  plates 
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scattered  through  the  section,  and  very  abundantly  in  some  laminae 
in  smaller  particles.  On  examination  of  the  ground-mass  under  a 
higher  power,  it  is  found  to  be  mainly  composed  of  minute,  rounded 
grannies,  colorless  to  brownish  white,  polarizing* feebly,  which  seem 
to  be  fragmentary  debris  of  the  chiastolite.  Colorless  isotrope  grains 
or  scales  also  are  present  in  small  quantity.  Biotite  is  abundant,  and 
even  predominates  in  some  laminae  in  minute,  irregular,  leather-brown 
scales,  also  in  narrow  or  linear  blade-like  cross-sections,  which  are 
strongly  dichroitic."  —  Julien. 

No.  2  9  (3029). —  Micaceous  hornblende  schist  (Wichmann).  Horn- 
blende schist  (Wright,  Eutley).  Compare  Nos.  127,  30.  Blackish, 
between  medium  and  fine-grained  schists,  which  structure  is  imparted 
by  the  scales  of  black  mica,  in  this  particular,  differing  from  No.  18, 
and  bearing  more  resemblance  to  the  hornblende  schists.  No.  128, 
from  bed  XIX,  of  the  Menominee  region.  It  also  resembles  the  very 
fine-grained  Laurentian  rocks  of  the  same  class.  See  Julien's  Nos. 
328,  329,  Mich.  Eep.,  Vol.  II,  p.  169.    Sp.  Gr.  2.98  to  3.05. 

Loc,  Bed  XL  Eepublic  Mine.  While  this  bed  is  essentially 
hornblendic  and  dioritic,  its  micaceous  character  is  quite  marked,  as 
in  this  specimen  and  No.  107.  The  latter  rock  is  also  related  to  the 
chloritic  varieties  found  in  the  same  bed  in  the  Negaunee  district. 

"  The  hand  specimen  of  this  rock;  resembles  some  of  the  Lauren- 
tian gneisses  of  the  highlands  of  Scotland." — Eutley. 

"Hornblende  is  microscopically  present  in  fine  green  prisms  which 
generally  lie  parallel  to  the  schist-plane.  Besides  this,  biotite  is 
abundant  in  brown,  irregular  folia,  which  are  strongly  dichroitic.  The 
occurrence  of  calcite  is  remarkable.  Its  small  grains  are  aggregated 
in  clusters,  which  are  intermingled  with  small  folia  of  biotite,  and 
have  formed  in  the  ground-mass,  which  consists  of  an  aggregation  of 
irregular  individuals  of  orthoclase.  A  little  quartz  is  recognizable. 
Apatite  in  long,  colorless  prisms  and  needles,  and  sharply  defined  hexag- 
onals,  is  not  unfrequent."  — ^Wichmann.     See  also  §  135  of  his  report. 

"Under  the  microscope,  it  is  shown  to  consist  of  quartz  and  horn- 
blende, and  a  few  irregularly-shaped  black  patches,  which  may  repre- 
sent some  alteration  of  the  hornblende.  The  rock  has  no  effect  on  the 
magnetic  needle,  so  that  there  is  apparently  no  magnetite  present."  — 
Eutley. 

No.  30  (3030).— Hornblende  rock  (Wright).  Provisionally  named 
a  black  hornblendic  diorite.  Like  Nos.  18  and  22.  Compare  Nos. 
123  and  127.  See  description  of  No.  18.  Eutley  says:  "Horn- 
blende schist,  with  a  little  quartz  and  no  other  mineral."  Sp.  Gr.  2.74 
to  3.04. 
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Loc,  Bed  XI.  Eepublic  Mine.  This  rock,  almost  identical  witb 
that  of  beds  VII  and  IX,  characterizes  this  stratum  at  this  locality, 
but  in  the  Neffaunee  district  diorites  and  chloritic  schists  prevail  in 
the  same  horizon. 

"  This  rock  is  shown  under  the  microscope  to  consist  exclusively  of 
quartz  and  strongly  dichroic  hornblende.  It  is  a  most  beautiful  object 
under  the  microscope,  the  quartz  appearing  in  section  as  an  inlaid 
pavement,  lying  in  irregular  patches  between  the  hornblende;  the 
latter  forming  crystalline  aggregates  or  crystals  of  more  or  less  per- 
fect development.  The  rocks  22,  29  and  30,  cannot  be  called  diorites, 
as  they  contain  no  feldspars.  They  are  almost  identical  with  one 
another  in  mineral  composition  and  in  microscopic  characters.  They 
are  hornblende  schists."  —  Eutley. 

No.  31  (3031).  —  FeldspatUc  cUorite-scliIst  (Wichmann).  Pro- 
visional name,  micaceous  greenstone  schist.  Compare  Nos.  70, 119. 
Allied  to  Julien's  Nos.  335  and  336,  Mich.  Eep.,  Vol.  II,  pp.  172, 173. 
Dark-green,  almost  aphanitic,  splits  unevenly,  showing  copper-colored 
micaceous  leaves  on  the  splitting  surface.    Sp.  Gr.  2.78  to  2.82. 

Loc.  South  of,  and  underlying.  Grand  Central  ore-deposit  at  Ne- 
gaunee,  from  bed  IX,  which  is  chiefly  made  up  of  hornblendic  rocks 
and  related  greenstones.  This  variety  is  not  abundant  here  or  else- 
where. 

"No.  31,  with  name  altered  from  diabase  to  feldspathic  chlorite 
schist,  is,  I  believe,  a  good  illustration  of  the  partial  conversion  of  a 
basaltic  rock  into  a  chloritic  schist."  — Allpert. 

Mr.  Rutley  describes  this  rock  as  follows:  "Under  the  pocket  lens, 
this  rock  shows  minute  scales  of  a  soft  golden-brownish  mica.  Under 
the  microscope,  a  thin  section  of  the  rock  is  seen  to  consist  of  crystals 
and  fragments  of  crystals  of  feldspars  more  or  less  altered,  in  some 
cases  showing  very  faint  traces  of  twin  striation,  but  in  most  instances 
appearing  to  be  orthoclase,  occasionally  twinned  on  the  Carlsbad  type. 
Minute  crystals  of  magnesian  mica  are  also  present,  together  with  a 
considerable  amount  of  green  matter,  which  is  probably  either  chlorite 
or  serpentine;  but  no  distinct  hexagonal  chlorite  crystals  are  visible. 
Irregularly  shaped,  dark-brownish  or  black  patches  also  occur  and 
may  be  some  alteration  product  after  pyrites,  such  as  limonite,  while 
here  and  there  a  little  calcspar  is  discernible.  These  and  the  green 
chloritic  or  serpentinous  material  are  evidently  secondary  products, 
and  indicate  that  the  rock  has  undergone  very  great  alteration.  It  is 
difficult  to  apply  any  suitable  name  to  this  rock.  The  magnesian 
mica  crystals  seem  to  be  hardly  plentiful  enough  to  constitute  the  rock 
a  rainette,  nor  can  it  with  propriety  be  called  a  micaceous  felstone,  as 
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in  hand  specimens  it  bears  no  resemblance  to  felstone,  from  which  it 
also  diflEers  in  microscopic  structure.  The  mode  of  occurrence  of  this 
rock  would  perhaps  give  a  better  clue  to  its  real  nature.  I  am  dis- 
posed to  think  that  it  is  some  interbedded  and  highly  altered  rock. 
There  is  a  somewhat  fragmentary  appearance  about  the  imbedded 
minerals." 

No.  32  (3032). — Micat^ddus  iron  qaartz-schist.  Like  N'oa.  33, 
16.  Compare  Nos.  36,  37.  Differs  from  "No.  16  chiefly  in  the  iron 
baing  less  micaceous  and  concentrated  in  thicker  laminae,  up  to 
one-half  inch.  The  red  and  whitish  quartzose  layers,  which  predom- 
inate, are  fine-grained  and  arenaceous,  and  contain  numerous  grains 
or  scales  of  specular  ore.    Sp.  Gr.  3.09  to  3.80. 

Zoc.  Bed  XII.  Republic  Mine.  This  specimen  and  No.  33  rep- 
resent the  prevailing  rock  in  this  bed  in  the  Michigamme  district. 
For  the  Negaunce  district,  see  Nos.  34,  35. 

See  remarks  under  No.  16  as  to  occurrence  of  related  rocks.  This 
kind  of  rock  has  never  been  found  rich  enough  in  iron  to  constitute 
an  ore.  The  same  bed  in  the  Negaunee  district  is  more  highly  ferru- 
ginous, and  limonitic  instead  of  specular.    See  Nos.  34,  33. 

No.  33  (3033).  —  Micaceoas-iron  quartz  sehist.  Like  No.  32. 
Compare  Nos.  16,  36  and  37.  See  Julien's  Nos.  151  and  152,  where 
the  iron  layers  are  mostly  magnetite,  Mich.  Rep.,  Vol.  II,  p.  80. 
Like  No.  32,  except  tliat  the  quartzose  layers  are  crossed  by  minute 
veins  of  specular  ore.    Sp.  Gr.  3.09  to  3.50. 

Loc.  Bed  XII.  Michigamme  Mine.  See  remarks  under  No.  32. 
The  similarity  of  this  rock  to  the  banded  specular  quartz  (jaspery) 
schist  of  bed  XIII,  has  been  remarked.  The  division  between  tliese 
beds  is  not  strongly  marked.  A  related  specular  quartzite,  in  which 
the  iron  is  not  micaceous,  and  in  which  exist  more  numerous  cross 
veins  and  bunches  of  highly  crystalline  hematite,  occurs  in  the  quartz- 
ito  bed  II,  at  the  Felch  Mt.  The  banded  ferruginous  quartzose  rock 
of  the  Penokee  iron  range.  Wis.,  where  it  can  be  traced  for  over  ten 
miles,  and  is  usually  magnetic,  is  closely  related  to  this. 

No.  34(3034).  — Disintegrated  ochrey  hematite  (soft  hematite 
ore).  Like  No.  25.  Compare  Nos.  24,  35  and  135.  Does  not  differ 
essentially  in  appearance  from  No.  25.  Contains  on  the  average  more 
iron  and  less  manganese,  hence  is  of  a  lighter  brown  color.  Sp.  Gr. 
4.12.  An  average  sample  gave  Chandler  and  Cairns:  Fe'O^  79.80, 
Mn*0«  .10,  APO»  2.05,  CaO  .45,  MgO  .53.  S  .03,  PO'  .30,  SiO^  12.52, 
HO  combined  4.11,  HO  uncombined  .14  =  100.03. 

Zoc.  Bed  XII.  Lake  Superior  Mine.  The  earthy  limonitic  por- 
tions  of  this  bed  differ  in  no  essential  respect  from  X,  described 
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under  No.  21  and  elsewhere,  except  in  being  less  manganiferous. 
These  ores  are  only  foand  in  the  Kegannee  district;  followed  west  into 
the  Michigamme  they  lose  their  water  and  become  more  quartzose. 
See  Nos.  32,  33,  36  and  23.    See  remarks  under  No.  24. 

No.  86  (3035).— Ochrey  hematite-schist.  More  slaty  than  No. 
24;  softer  than  No.  135.  Compare  Nos.  25,  34.  A  schistose  variety 
of  No.  24,  irregularly  banded  with  schistose  laminse,  and  containing 
irregular  bunches  of  a  mineral  determined  by  Prof.  Brnsh  to  be  kao- 
lin. This  specimen  and  No.  24  may  be  regarded  as  intermediate  in 
character  between  the  earthy  form  and  the  firm,  compact,  hard,  more 
hematitic  form,  No.  135.  Sp.  Or.  2.69  to  3.09.  A  piece  gave  F.  H. 
Emmerton:  Fe'O*  84.66,  MnO  1.41,  APO*  .13,  CaO  .40,  MgO  .007, 
P0»  .084,  S  .02,  SiO«  12.70,  HO  .71  =  100.121. 

Loc.  Bed  XII,  Winthrop  Mine.  See  remarks  under  Nos.  34 
and  24. 

No.  86  (3036). — Micaceoas-iron  qnartz-slate.  Similar  to  Nos. 
32,  33.  Compare  Nos.  37,  23.  Intermediate  in  character  between 
the  mtcaceons-iron  quartz  schists,  Nos.  32  and  33,  from  bed  XII,  and 
the  banded  specular  iron  and  quartz  schists.  No.  37.  Sp.  Gr.  3.41  to 
3.88. 

Loc.  Bed  XIII,  or  XII.  Eepublic  Mine.  See  remarks  under 
No.  37. 

"Has  a  remote  resemblance  to  the  poorer  varieties  of  Swedish 
quartzose  hematite  ores,  e,  g,^  those  of  Norberg  and  TJto,  but  is  finer 
grained."  —  Tornebohm. 

No.  37  (3037). —  Banded  specnlar-iron  jaspery  schist  (mixed  or 
jaspery  ore  of  the  mines).  Compare  Nos.  36,  32  and  33,  also  62.  It 
consists  of  jaspery  quartz  bands,  varying  from  bright  red  to  dnll  red- 
dish brown,  with  occasional  seams  of  white  quartz,  and  usually  pure 
specular  ore  of  high  luster.  Martite  is  common  and  magnetite  rare. 
These  materials  are  arranged  in  alternating  laminae,  varying  in  thick- 
ness up  to  one  inch.  These  laminae  are  often  highly  contorted,  zig- 
zagging, and  turning  sometimes  in  opposite  directions  within  a  few 
inches.  The  jasper  bands  are  in  places  broken  up  into  little  rectan- 
gular fragments,  which  are  slightly  thrown  out  of  place,  as  it  were, 
by  tiny  faults;  the  ore  fills  the  break,  so  that  the  whole  mass  has  the 
appearance  of  a  breccia.  There  is  little  doubt  but  that  certain  brec- 
cias, and  possibly  some  conglomeratic  rocks,  have  this  origin.  See 
Mich.  GeoL  Eep.,  Vol.  II,  pp.  285  to  292. 

A  similar  rock,  but  with  white  quartz  instead  of  the  jaspery  vari- 
ety, and  forming  an  intermediate  variety  between  this  and  No.  52, 
occurs  at  the  Washington  group  of  mines.    These  differences  are  un- 
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doubtedly  dne  to  variation  in  degree  of  metamorphism.  See  remarks 
under  No.  52.  Wiclimann  remarks:  "  Qnartz-grains  filled  and 
cemented  with  hydrated  oxide  of  iron.  Parallel  zones  consisting  of 
magnetic  and  quartz  are  inserted."    Sp.  Gr.  3.31  to  3.98. 

Loc,  Bed  XIII.  Lake  Superior  Mine.  The  relations  of  this 
rock  to  the  'pure  ores  of  this  bed,  are  briefiy  referred  to  under  the 
description  of  No.  45.  The  purer  ores,  as  a  rule,  prevail  in  the 
upper  portions  of  the  bed,  and  the  jaspery  varieties  in  the  lower 
part,  where  they  sometimes  pass  by  insensible  gradations  into  the 
similar  schist  of  XII.  Has  been  smelted  to  a  limited  extent  as  a 
second-class  ore,  but  the  large  amount  of  silica  renders  the  reduc- 
tion diflBcult.  It  is  chemically  nearly  identical  with  the  flag  ores. 
No.  6. 

No.  38  (3038).  —  Specular-iron  schist.  Like  Nos.  45,  47  and  48. 
Compare  No.  43.  Allied  to  Julien's  No.  237,  Mich.  Eep.,  Vol.  II, 
p.  122.  This  specimen  has  many  minute  martite  octahedra,  and 
small  brown  spots  and  more  quartz;  otherwise  is  like  No.  45,  which 
see  for  full  description.    Sp.  Gr.  4.47  to  4.97. 

Loc.  Bed  XIII.  Lake  Angeline  Mine.  The  specular  iron-ores 
of  this  mine  have  usually  a  larger  percentage  of  jaspery  quartz  mixed 
with  them  than  is  common  in  this  bed.  See  No.  37.  The  Lake 
Angeline  mine  ranked  ninth  in  order  of  production,  in  1872. 

No.  89  (3039). — Granular  magnetic  ore  (shot  ore).  Compare 
Nos.  40,  41,  42.  Julien's  No.  229,  Mich.  Eep.,  Vol.  II,  p.  118,  is  a 
variety.  Grayish-black,  imperfectly  crystalline  grains,  as  large  as 
mustard  seeds,  slightly  compacted.  Semi-schistose.  Magnet  separ- 
ates 85  per  cent,  from  the  steely -black  pulverized  ore.  Magnetic  ores 
unlike  the  speculars,  are  generally  massive  and  seldom  schistose.  Sp. 
Gr.  4.98  to  5.01.  An  average  sample  gave  Britton:  Metallic  iron, 
65.81,  phosphorus,  .061.  For  numerous  analyses  of  these  ores,  see 
Mich.  Kep.,  Vol.  I,  Chap.  X. 

Loc.  Bed  XIII.  Republic  Mine;  constituting  the  uppermost 
layer  next  the  quartzite,  and  separated  from  the  great  mass  of  specu- 
lar ore  by  a  thin  bed  of  micaceous  schists  No.  53.  Only  at  this  mine 
and  at  the  Champion  do  the  magnetic  and  specular  ores  occur  together 
in  alternating  beds  in  quantity.  The  two  oxides  are,  however,  more 
or  less  mixed  at  many  localities,  it  being  rare  to  find  magnetite  with- 
out hematite,  or  the  converse,  producing  all  shades  in  the  powder 
from  black,  through  purple  to  red.  The  prevailing  ore  at  this  mine 
is  a  rich  specular  slate,  which,  with  this  variety,  has  been  extensively 
mined  since  1872,  when  the  mine  was  opened. 

No.  40  (3040).— Fine-grained  magnetic  ore.    See  Nos.  39,  41, 
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42.  Resembles  JoUen's  Na  229,  Mich.  Rep.,  Vol.  II,  p.  118.  Brown- 
ish-black, fine-grained,  friable  magnetite,  differing  from  Xo.  39 
chieflj  in  the  smaller  size  of  the  imperfect  octahedra  and  a  somewhat 
higher  luster.  Magnet  separates  95  per  cent  from  the  grayish-blaek 
pulverized  ore.  Sp.  Gr.  4.64  to  4.87.  An  average  sample  gave 
Chandler:  FeK)*  89.21,  MnH)«  trace,  APO»  2.67,  CaO  .67,  MgO  .19, 
S  .35,  P0»  trace,  SiO»  6.28  =  99.37. 

Loc.  Bed  XIIL  Spnrr  Mountain;  chieflj  magnetic  ore  in  sev- 
eral varieties,  in  places  banded  with  arenaceous  quartz  layers,  Ko.  52, 
and  containing  lenticular  layers  of  chloritic  schist,  Xo.  89.  Largely 
mined  since  1873,  when  work  b^an. 

No.  41  (3041). — Hard  fine-grained  magnetie  ore.  Similar  to  Xo. 
40.  Blackish-brown,  somewhat  mottled,  differing  from  No.  40,  chiefly 
in  being  more  firmly  compacted.  Sp.  Gr.  4.72  to  4.97.  A  piece  gave 
Kalph  Crocker:  FeO  29.109,  Fe'O^  61.631,  MnO  traces,  Al^O*  2.120, 
CaO  1.070,  S  .002,  S(y  .008,  PCH  .057,  SiO*  3.280,  HO  1.497.  oiganic 
or  carbonaceous  matter,  .340,  TiO^  .032  =  99.146. 

Loc.  Bed  XIII.  Michigamme  Mine.  See  remarks  under  Na 
40.  No  specular  ore  has  as  yet  been  found  in  the  Spurr-Michigamme 
i-anges.    Extensively  mined. 

No.  42  (3042).  —  Hard  magnetic  ore-  Compare  Nos.  39,  40, 41, 
and  also  No.  17.  Allied  to  Julien's  No.  228,  Mich.  Eep.,  Vol.  II,  p. 
117.  Differs  from  No.  41  in  being  more  schistose,  finer-grained,  and 
in  containing  a  little  chlorite.  Sp.  6r.  4.86  to  4.95.  An  average  sam- 
ple gave  Chandler  and  Cairns:  FeO  21.60,  FeH)»  55.80,  MnH)«  .10, 
APO»  4.34,  CaO  .77,  MgO  .84,  S  .16,  P0M2,  SiO»  15.41,  HO 
.81=99.95. 

Loc,  Bed  XIII.  Edwards  Mine;  associated  with  chloritic  schist 
and  banded  jaspery  ore,  the  whole  presenting  a  peculiar  lenticular 
structure.  See  Mich.  Kep.,  Yol.  I,  p.  278.  A  large  amount  of  this 
ore  has  been  mined. 

No.  43  (3043).  —  Magnetic  brecciated  hematite  scUst  (granuhr 
green  specular  ore,  with  martite).  Compare  Nos.  38,  5, 45.  Between 
Julien's  Nos.  228  and  239,  Mich.  Eep.,  Vol.  II,  pp.  117  and  123.  A 
transition  variety  between  the  magnetites  and  hematites,  composed 
largely  of  octahedra  of  martite,  apparently  not  wholly  altered  to  hem- 
atite, for  the  magnet  lifts  from  6  to  40  per  cent  of  the  brownish- 
purple  to  purplish-black  powder  (depending  on  the  relative  amount  of 
the  two  oxides).  Contains  considerable  chlorite.  This  specimen  con- 
tains angular  fragments  of  quartzose  ferruginous  scbist,  which  have 
apparency  been  produced  since  the  deposition,  by  the  breAing  up  of 
the  siliceous  laminee,  perhaps  through  internal  motion  iwvi&A  by  the 
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force  of  crystallization.  See  illustration  bearing  on  this  point  in  YoL 
II,  p.  285,  Mich.  Eep.  See,  also,  remarks  under  Nos.  37  and  52.  Sp 
Gr.  4.01  to  4.40. 

Loc.  Bed  XIII.  New  York  Mine.  Portions  of  this  deposit  con- 
tain  more  disseminated  chlorite  and  more  martite,  sometimes  slightly 
magnetic,  than  has  been  observed  at  any  other  mine.  The  proportion 
of  phosphorus  is  also  slightly  larger,  up  to  one-fifth  of  one  per  cent. 
Extensively  mined. 

No.  44  (3044). —  Kaolinic  hematite  schist  (specular  slate  ore). 
Allied  to  No.  2.  Compare  also  Nos.  43,  38,  45.  Contains  kaolin, 
and  is  intermediate  in  character  between  Nos.  2  and  45.  Kaolin  is 
rare  in  this  kind  of  ore,  but  more  abundant  in  the  earthy  limonites. 
Sp.  Gr.  4.54  to  4.69. 

Loc.  Bed  XIII.  Cleveland  Mine,  school-house  opening.  See  re- 
marks under  No.  45. 

No.  45  (3045). —  Specolar-iron  schist  (steely  specular  ore).  Like 
Nos.  38,  47  and  48.  Compare  Nos.  46,  49,  and  6.  See  Julien^s  No. 
237,  Yol.  II,  p.  122,  Mich.  Eep.  The  prevailing  and  typical  variety 
of  specular-iron  schist  ("  slate  ore  "),  composed  of  nearly  pure  sesqui- 
oxide  of  iron.  Schistose,  and  slaty  where  the  iron  is  micaceous,  as  in 
No.  46.  Compact,  homogeneous,  showing  under  the  lens  a  minute 
lamellar  and  sometimes  finely  fibrous  structure,  with  high  metallic 
lustre,  and  color  of  steel.  Color  of  streak,  brownish- red;  and  of 
powder,  blackish-brown  to  glistening.  A  massive  granular  variety 
containing  martite  is  less  common.  Often  contains  red  ( jaspery) 
quartz  in  minute  laminae,  which  in  places  prevail  to  the  extent  of 
constituting  a  banded  ferruginous  quartz  schist,  No.  37.  Sp.  Gr.  4.87 
to  5.23.  An  average  sample  gave  Chandler  and  Cairns:  Fe'O'  93.75, 
Mn"0'  trace,  APO*  .73,  CaO  .61,  MgO  .23,  S  .03,  PC  .32,  SiO«  3.27, 
HO  1.09  =  100.03.  For  numerous  analyses  of  these  ores,  see  Yol.  I, 
Chap.  X,  Mich.  Eep. 

Loc.  Bed  XIII.  Jackson  Mine.  Similar  ores  occur  in  the  New 
York,  Cleveland,  Barnum,  Saginaw,  and  other  mines  herein  men- 
tioned in  the  Marquette  region;  but  no  identical  ore  has  as  yet  been 
found  elsewhere  south  of  Lake  Superior.  Except  at  Iron  Mountain, 
Mo.,  no  equally  valuable  ore  of  this  kind  is  at  present  produced  in 
large  quantities  in  America.  It  is  very  abundant  and  extensively 
mined,  526,000  tons  of  first-class  specular  ore  having  been  produced 
in  1872  in  the  Marquette  region  from  nine  mines. 

No.  46  (3046).  —  Micaceoas-iron  schist  (specular  slate  ore). 
Similar  to  No.  49.  Of  a  slaty  structure,  and  the  iron  micaceous,  but 
more  firmly  compacted,  like  No.  49,  otherwise  like  No.  45.    Sp.  Gr. 
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5.09  to  5.56.  An  average  sample  gave  Britton:  metallic  iron,  67.31; 
phosphorus,  .03. 

Loc.  Bed  XIII.  Eepublic  Mine.  This  is  the  prevailing  ore,  but 
beds  of  magnetite  also  occur.  Extensively  mined.  See  remarks 
under  No.  39. 

No.  47  (3047).  —  Specular-iron  schist.  Like  Nos.  38, 48.  Com. 
pare  also  Nos.  46,  49.  Allied  to  Julien's  No.  237,  Vol.  II,  p.  122, 
Mich.  Hep.  Shows  a  cleavage  structure  oblique  to  the  bedding  aud 
strong  cross  joints,  otherwise  like  No.  45.    Sp.  Gr.  5.11  to  5.14. 

Log.    Bed  XIII.    Jackson  Mine.    See  remarks  under  No.  45. 

No.  48  (3048). — Granular  specular-iron  schist  Like  Nob.  38, 
45,  47.  Compare  No.  6.  Allied  to  Julien's  No.  237,  Vol.  II,  p.  122, 
Mich.  Hep.  More  fibrous,  and  containing  numerous  minute  brown 
specks  like  No.  38  and  the  bird's-eye  ore  No.  6,  otherwise  like  No. 45. 
Sp.  Gr.  4.79  to  5.31.  An  average  sample  gave  Chandler  and  Cairns: 
Fe'O'  86.70,  Mn^O'  trace,  APO^  1.64,  CaO  .57,  MgO  .24,  S.02,  PO' 
.14,  SiO^  9.82,  HO  .61  =  99.74. 

Loc.  Bed  XIII.  Lake  Superior  Mine.  See  remarks  under  No.  45. 
This  mine  was  opened  in  1858,  soon  after  the  Jackson  and  Cleveland, 
and  has  produced  the  largest  aggregate  of  ore  of  all  kinds,  about  a 
million  and  a  half  tons  up  to  the  end  of  1875. 

No.  49  (3049).  —  Micaceous-iron  schist  Similar  to  No.  46. 
Compare  Nos.  38,  45,  48.  Differs  from  No.  46  in  being  less  firmly 
compacted  and  more  fissile.  Made  up  of  tiny  scales.  Magnet  sepa- 
rates 5  per  cent.  Contains  minute  seams  of  a  hydrous  magnesian 
mineral.  The  splitting  surface  resembles  No.  16  in  high  lustre  and 
fish-scale  appearance.  Micaceous  iron -ores  occurring  with  magnetites 
always  contain  magnetite,  giving  up  sometimes  25  per  cent,  to  the 
magnet.  Sp.  Gr.  4.42  to  5.00.  Average  samples  from  this  mine  gave: 
Metallic  iron,  63.55,  phosphorus,  .084. 

Log.  Bed  XIII.  Champion  Mine,  No.  4  shaft.  See  remarks  under 
No.  39.  This  mine  produces  both  magnetic  and  slate  ore  in  large 
quantities. 

No.  50  (3050).  —  Micaceous  quartz  schist  (Wichmann).  Pro- 
visional  name,  gray  ferruginous  quartzite.  Compare  Nos.  133, 140. 
A  gray,  schistose,  fine-grained  quartzite,  with  scales  of  mica  and  mica- 
ceous iron,  the  latter  apparently  predominating.  Splits  into  uneven 
flags.    Sp.  Gr.  2.74  to  3.03. 

Log.  Bed  XIV.  Republic  Mine,  where  this  is  a  prevailing  varietj. 
Compare  the  micaceous  conglomerate  variety.  No.  51,  from  the  same 
bed  at  Washington  Mine.  A  variety  containing  red  mica  (aventu- 
rine),  sometimes  conglomeritic,  occurs  in  the  same  bed  in  the  Me- 
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nominee  region,  E.  and  K  of  Lake  Eliza.     The  micaceous  quartz 
«Q]iiAts  from  bed  XVIII  in  the  same  region  are  related. 

No.  51  (3051).  —  Uncafetnis  txmsHoimcTate  schist.  (Has  been 
called  gneiss  with  seggregations.)  No  allies.  Compare  Julien's  No. 
122,  Mich.  Rep.,  Vol.  II,  p.  66,  from  same  bed.  The  matrix  is  mica- 
ceous and  quartzose;  manj  films  of  brownish-gray  mica  envelop 
irregular  flattened  nodules  of  quartz.  Another  more  fibrous  and 
schistose  variety  contained  darker  colored  mica  and  considerable  mica- 
ceous iron-ore,  with  grains  of  quartz,  passing  into  a  micaceous-iron 
conglomerate  schist.  The  pebbles  are  white,  smoky,  and  glassy  quartz. 
Sp.  Gr.  2.66  to  2.70. 

Loc.  Bed  XIV.  Washington  Mine.  This  peculiar  rock  has  only 
been  observed  in  this  bed,  and  is  stratigraphically  near  the  division 
between  it  and  the  underlying  iron- ore.  Rod  micaceous  and  specular 
conglomerate  schists  occur  in  the  same  bed  in  the  Menominee  region. 
Mica  schists  holding  pebbles  of  quartz  and  feldspar  have  been  ob- 
served in  Belgium.  * 

"  A  similar  rock  is  one  of  the  most  characteristic  in  the  series  of 
alternating  mica  slates  and  conglomeritic  gneisses  in  the  Smoky 
Range  of  Western  North  Carolina.  Safford  first  studied  the  exten- 
sion of  these  beds  into  Eastern  Tennessee  (see  Main  Report  on  Geol. 
of  Tennessee,  pp.  383,  385,  408,  427),  tracing  the  progress  of  the 
metamorphism  of  the  Ocoee  conglomerates,  toward  the  N.  C.  line, 
with  the  gradual  flattening  and  final  obliteration  of  its  pebbles.  See 
also  descriptions  by  Kerr  (Geol.  of  N.  C,  Vol.  I,  pp.  136  to  139), 
Bradley  (Am.  Jour.  Sci.,  1874,  p.  390,  and  1876,  pp.  279  and  370), 
and  Julien  (Q«ol.of  N.  C,  Vol.  II).  Similar  varieties  are  abundant 
in  the  tract  of  the  Grandfather  and  Yellow  Mountains,  N.  C."  — 
Julien. 

"  Schists  and  conglomerates  like  Nos.  51  and  64  do  not  occur  in 
the  Swedish  ArchsBan  series,  but  may  be  found  in  the  lowermost  part 
of  what  we  call  the  Dal-formation,  a  younger  and  more  fossiliferous 
series,  destitute  of  ores."  —  Tornebohm. 

No.  52  (3052).— Arenaceous  magnetic  quartz  schist  No 
allies.  Compare  Nos.  33,  40,  also  37.  See  Julien's  Nos.  358,  359. 
Vol.  II,  p.  183,  Mich.  Rep.  Made  up  of  irregular  alternating  layers 
of  arenaceous  magnetite,  and  white  and  gray  friable  sandstone.  It  is 
but  an  arenaceous  form  of  such  banded  specular  and  jaspery  schists 
as  No.  37,  which  sometimes  show  martite.  The  quartzose  layers 
differ  from  such  quartzites  as  No.  137  only  in  being  sandy,  and  the 
magnetite  layers  are  like  No.  40.  It  is  not  improbable  that  this  rock, 
originally  deposited  as  a  sand  and  then  indurated  into  a  quartzite, 
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may  have  been  reconverted  into  its  original  condition.  The  arena- 
ceous qnartzite  No.  139  is  designated  a  sandstone  by  Dr.  Wichmann. 
Sp.  Gn  2.89  to  3.08. 

Loc.  Bed  XIII.  Michigamme  Mine.  Lamin»  of  true  quartz 
sandstone  have  only  been  seen  in  this  bed  on  this  range,  where  this 
rock  takes  the  place  of  the  banded  specular  jasper  schists  (No.  37)  of 
the  more  easterly  mines.  A  nearly  identical  rock  is  found  W.  of 
Commonwealth  Mine  and  at  Breitung's  iron  locations  in  Pine  R 
District,  Wis.,  in  bed  XV. 

No.  53  (3053).  — Mica  schist  (Wichmann).  Provisional  name, 
talcoid  schist.  Compare  Nos.  64,  74,  111.  Under  magnetic  talc 
schist.  No.  226,  and  porphyritic  talc  schist.  No.  227,  Julien  describes 
closely  related  rocks.  Vol.  II,  p.  116,  Mich.  Eep.  Grayish-green, 
scaly,  shining,  unctions  to  the  touch,  often  called  talc  schist,  and  some- 
times clay  slate.  Fissile  and  slaty.  It  is  not  impossible  that  the 
micaceous  mineral  may  be  margarodite  or  paragonite,  since  such 
hydrous  mica  schists  have  often  been  called  talcoid.  Sp.  Gr.  3.00 
to  3.09. 

Loc.  Bed  XIII.  Eepublic  Mine,  where  a  thin  layer  divides  mag- 
netite  above  from  specular  ore.  No.  46,  below.  A  brown,  less  unctions, 
ferruginous  variety  occurs  in  the  Champion  magnetic  deposit  A 
somewhat  similar  rock.  No.  112,  occurs  in,  or  immediately  over,  the 
iron-ores  in  the  Menominee  region.  This  peculiar  variety  has  not 
been  seen  except  in  small  beds,  and  only  in  connection  with  iron-ore. 
See  remarks  under  No.  55.  Hunt  has  observed  similar  rocks  in  iron- 
ores  in  the  Green  mountains.  Tornebohm  says,  "  schists  somewhat 
like  these  are  found  in  the  upper  Euritic  series  of  Sweden."  The  same 
may  be  said  in  regard  to  No.  56. 

"  In  the  thin  section,  magnetite  (with  some  hematite  X)  occurs  abun- 
dantly in  tiny  black  opaque  and  glittering  plates,  whose  loqger  dimen- 
sions are  mostly  arranged  parallel,  in  the  schist  plane.  Their  cross- 
sections  appear  as  narrow  rectangles.  Minute  ochreous  films  and 
scales  sometimes  occur.  Muscovite  abounds  in  small,  clear  and  color- 
less scales,  which  polarize,  but  not  strongly,  between  the  crossed  nic- 
ols.  Tremolite  is  abundantly  distributed  in  slender,  colorless  needles, 
with  narrow  rectangular  cross- sections,  which  possess  a  fibrous  struc- 
ture when  large,  and  polarize  vividly  between  the  crossed  nicols."  — 
Julien. 

No.  54  (3054).— Sericite  schist  (Wichmann).  Provisional 
name,  mica  schist  and  talcoid  schist.  Has  also  been  called  actiao- 
lite  schist  No  allies.  Compare  Nos.  53,  112,  74, 129,  and  Julien'c 
No.  226,  Vol.  II,  p.  116,  MicJi.  Eep.    Greenish-gray,  with  dark  spots. 


Digitized  by 


Google 


DESCRIPTION  OF  ITPICAL  ROCKS.  .  557 

•lae  'xi  black  elongated  crystals,  the  axes  of  which  lie  in  the  splitting 
plat'Bs,  but  cross  the  minute  corrugations.  Shining,  unevenly  slaty 
schistose;  in  appearance  between  a  talc  and  mica  schist.  A  closely - 
related  unctious  feeling  schist  has  been  called  chloritic.  See  remarks 
on  hydrous  mica  under  No.  53.     Sp.  Gr.  2.75  to  2.84. 

Loc.  Bed  XIII.  Old  Washington  Mine.  A  rare  variety  in  iron- 
ore.    See  remarks  under  Nos.  63,  55,  89. 

In  thin  section,  colorless  fibrous  blades  and  slender  needles  abound, 
polarizing  brilliantly  between  the  nicols.  A  hydro-mica,  however, 
predominates,  in  irregular  and  minute  colorless  scales,  which  in  part 
polarize  brilliantly  and  appear  to  consist  of  muscovite.  Here  and 
there  are  found  elongated  patches,  made  up  of  much  larger  clear 
scales,  with  a  few  inclusions  of  ochre  and  tremolite-needles.  Magnetite 
occurs  in  rather  large,  irregular  opaque  cubes  or  hexagonal  cross-sec- 
tions, and  hematite  in  a  few  scattered  blood-red  scales  or  films."  — 
Julien.    See  Tornebohm's  remarks  on  No.  51. 

No.  55  (3055).  — Chlorite  schist  (Wichmann).  Gray  feldspathic 
argillite  (Julien).  Compare  Nos.  134, 13.  Greenish-gray,  and  in 
appearance  between  a  clay-slate  and  chloritic  schist.  Rutley  found  in 
a  thin  section  of  a  similar  rock,  felsitic  matter,  grains  of  quartz  and 
magnetite,  and  remarks  its  resemblance  to  some  granulites.  Sp.  Gr. 
2.76  to  2.89. 

Loc.  Upper  part  of  Bed  XIII,  forming  a  heavy  layer  overlying 
the  iron  ore  at  Bamum  Mine,  and  related  to  the  several  hydrous  mag- 
nesian,  hydro-micaceous  and  argillaceous  schists  (Nos.  53,  54,  89) 
which  occur  in  this  bed  in  the  Marquette  region,  and  also  to  similar 
rocks  in  the  Menominee  region.  A  dark  reddish-brown  variety, 
highly  impregnated  with  iron,  was  observed  at  the  Quinnesec  Mine, 
and  a  more  fissile  and  argillaceous  variety  in  the  same  bed,  VI,  in  the 
S.  E.  i  of  Sec.  32,  T.  40,  R.  30.  At  this  latter  locality  there  also 
occurs,  associated  with  the  iron  ore,  a  soft,  ash-colored,  shaly  rock, 
which  according  to  Dr.  Wichmann  contains  microscopic  crystals  of 
tourmaline.  See  remarks  under  No.  89.  The  red  chalk,  common  to 
many  iron  mines,  may  be  regarded  as  a  highly  ferruginous  variety  of 
this  rock,  but  not  an  ore. 

*' The  ground  mass  is  an  aggregation  of  irregular  grains  of  quartz, 
which  in  polarized  light  show  diflferent  colors.  Irregular  green  folia 
of  chlorite  are  interwoven  with  this  groundmass.  Bluish-gray  prisms 
of  tourmaline  occur,  which  are  strongly  dichroitic.  Magnetite  in 
black,  irregular  grains  is  present" — Wichmann.  See  also  §  155  of 
his  report. 

"This  rock  is  essentially  composed  of  felsitic  (or  slaty)  matter. 
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angnlar  and  snbangular  grains  of  quartz,  and  crystals  and  aggregates 
of  magnetite.  There  is  a  distinctlj  laminated  structure  in  the  rock — 
the  grains  of  quartz  lying  in  a  brecciate  manner  in  the  felsitic  sob- 
stance,  and  forming  well  marked  bands,  divided  bj  fine  felsitic  matter 
in  which  much  smaller  granules  of  quartz  are  disseminated.  The 
magnetite  crystals  and  patches  evince  here  and  there  some  tendency 
to  lie  in  certain  zones,  but  seem  to  be  very  freely  scattered  through- 
out  the  rock.  It  may  perhaps  be  regarded  as  a  granulite,  although 
no  mica  is  present.  The  rock  attracts  the  magnetic  needle." — ^Butley. 
See  Tomcbohm's  remarks  under  No.  13.  "  Is  like  those  described  on 
p.  233,  Greol.  of  New  Hampshire,  Part  IV."  —  Hawes. 

No.  56  (3056).  — Mica  schist?  (Wright).  Provisional  name, 
micaceous  argillaceous  schist.  Compare  Nos.  Ill,  114, 12.  A  dark 
greenish-brown  micaceous  slate,  splitting  somewhat  unevenly,  holding 
garnets,  and  intermediate  in  character  between  a  clay  slate  and  mica 
schist.    Belated  to  phyllite.    Sp.  Gr.  2.82  to  2.89. 

Loc.  Bed  XV.  Champion  Mine  Branch  R.  R  So  far  as  observed, 
a  local  variety  in  this  stratum  of  dark-colored,  imperfectly  cleavable 
clay  slate.  A  pyritiferous,  chloritic-looking  rock,  and  a  ferruginous 
clay  slate,  both  from  bed  XVI?  Menominee  region,  are  related  to  this 
specimen.     See  Tornebohm's  remarks  under  No.  53. 

No.  57  (3057).  — Qnartzose  ochrey  schist  No  allies.  Com- 
pare  Nos.  26  and  34,  and  also  Julien's  No.  157,  Vol.  II,  p.  S3,  Mich. 
Rep.  Smoky-gray,  thin,  irregular,  quartz  laminae,  and  dirty-yellow 
ochrey  layers,  evidently  an  altered  rock.  Somewhat  related  to  qnartz- 
ose varieties  of  No.  35.    Sp.  Gr.  2.70  to  3.00. 

Loc,  Bed  XVI.  South  of  Champion  Kilns.  But  little  is  known 
about  this  bed;  this  kind  of  rock  seems  to  prevail.  The  ferruginous 
limonite  schist,  associated  with  the  ore  at  Foster  Mine,  in  bed  X,  is  a 
related  rock,  but  is  browner  and  redder,  indicating  the  presence  of 
more  hematite.  Considerable  amount  of  exploration  has  failed  to 
find  any  part  of  this  bed  rich  enough  in  iron  to  answer  as  an  ore. 

No.  58  (3058).  —  Magnetic  actinolite  schist  (Wichmann).  Antho- 
phyllitic  schist  (Brush).  Compare  No.  59  from  same  bed,  aud 
Nos.  27, 130.  Julien's  No.  178  and  Wright's  No.  1032,  Mich.  Kep., 
Vol.  II,  pp.  92  and  223,  where  several  varieties  are  described,  are 
from  the  same  bed.  A  striped  rock,  presenting  on  a  fresh  frac- 
ture bluish  gray  bands  of  a  fine  material,  brownish  at  their  con- 
tact with  lighter  colored,  coarser  grained  and  narrower  bands,  made 
up  of  the  amphibolic  mineral  which  characterizes  this  rock.  It 
occurs  in  minute,  translucent,  light  brownish  and  grayish  blades, 
which  often  present  a  radial  structure  and  suggest  plumose  mica. 
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Occasional  brown  and  black  layers  occur,  rich  in  manganese  and  mag- 
netite, along  which  the  rock  splits  into  even  flags  which  appear  graph- 
itic on  their  surface,  marking  paper  black,  but  it  is  probably  due  to 
the  pyrolusite.  Professor  Brush  determined  this  mineral  to  be  an- 
thophylloidal,  and  suggested,  with  the  approval  of  Prof.  Dana,  the 
name.  He  says:  "By  '  anthophyllite  '  is  meant,  not  necessarily  the 
restriction  to  the  species  245  (page  231)  in  Dana's  Mineralogy,  but  a 
fibrous,  lustrous,  diflBcultly-fusible  mineral,  belonging  to  the  amphi- 
bolic group  of  bi -silicates,  applying  to  both  pyroxenic  and  hornblendic 
forms." 

"  Compact  magnetic  actinolite  schist.  A  compact  aggregation  of 
colorless  needles  of  actinolite.  Into  them  are  scattered  many  small 
ore-particles,  partly  belonging  to  the  magnetite." — ^Wichmann.  Sp.  Gr. 
3.04  to  3.34.  A  selected  specimen  afforded  Dr.  C.  F.  Chandler,  25.2 
per  cent  of  metallic  iron,  and  4.37  per  cent,  of  metallic  manganese. 
Loses  much  water  in  a  closed  tube,  and  one  specimen  gave  up  19  per 
cent  of  the  powder  to  the  magnet. 

Loc.  Bed  XVII.  Mouth  of  Bi-ji-ki  river,.  Lake  Michigamme. 
This  bed  can  be  traced  from  a  point  E.  of  the  Champion  furnace,  west 
along  the  N.  shore  of  the  lake  for  a  distance  of  8  miles.  The  eklogite, 
No.  27,  of  bed  X,  is  a  closely  related  rock,  but  contains  no  manganese. 
Similar,  but  more  quartzose  and  ferruginous  rocks  occur  in  beds  XIII 
and  XV,  in  the  Pine  river  district,  Wisconsin,  west  of  the  Menomi- 
nee (No.  130).  The  presence  of  manganese  and  of  an  easily  fusible 
mineral  in  place  of  quartz,  which  is  so  common  an  ingredient  in  fer- 
ruginous rocks,  renders  it  probable  that  some  varieties  of  this  rock, 
richer  in  iron,  may  have  value  as  an  ore. 

"In  thin  section,  the  radiated  variety  of  amphibole,  antholite  (pos- 
sibly true  anthophyllite),  predominates  in  closely  matted  groups, 
made  up  of  colorless  to  brownish  (ochreous)  fibres,  which  polarize 
strongly  between  the  crossed  nicols.  Pyrolusite  is  found  in  consider- 
able abundance  and  even  predominates  in  some  parts  of  the  thin  sec- 
tion, in  tiny  elongated  plates  between  the  fibres  of  antholite.  Other 
tiny  plates  of  hematite  occur,  which  when  thin  are  blood-red  by 
transmitted  light." — Julien. 

No.  59  (3059).  Manganiferous  anthophyllitic  schist  (Brush). 
Compare  No.  68,  from  same  locality.  See  references  under  No.  58. 
A  greenish-black,  minutely  glittering,  fine-grained,  highly  magnetic 
and  manganiferous  variety  of  No.  58,  which  has  been  called  pyrolu- 
site.   Sp.  Gr.  3.16  to  3.60. 

Loc.    Bed  XVIL    Bi-ji-ki  R.    See  under  No.  58. 

No.  61  (3061).  — Staupolitiferous  mica  schist  (Brush).    No 
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allies.  Compare  No.  107.  Like  Julien's  No.  301,  Vol.  II,  p.  155, 
Mich.  Rep.  Brownish-black,  glistening,  rather  hard,  finely  fibrous 
mica  schist,  holding  much  grayish-white  quartz  and  crystals  of  stau- 
rolite  and  often  of  andalusite  and  garnets,  as  determined  by  Professor 
Brnsh.  The  micaceous  laminae  warp  themselves  around  these  crystals, 
giving  the  rock  a  nodular  appearance.  The  crystals  also  appear  on 
the  brownish-gray  weathered  surfaces  as  wart-like  protuberances.  Sp. 
Gr.  2.58  to  2.79. 

Log.  Bed  XIX.  Island  in  S.  part  of  Michigamme  Lake.  The 
characteristic  rock  in  this  heavy  and  important  bed,  which  maintains 
its  lithological  character  very  uniformly  through  the  Marquette  and 
Menominee  regions,  and  intermediate  country  so  far  as  observed.  In 
the  southern  part  of  the  Menominee  region  it  becomes  homblendic, 
and  is  in  places  a  typical  hornblende  schist.  No.  125,  of  a  variety  not 
related  to  the  greenstones,  which  have  never  been  found  in  this  bed. 

"  A  common  variety  in  western  North  Carolina,  e.  g.,  below  Web- 
ster on  the  Hiawassee  river,  in  Cherokee  and  Swain  counties,  etc."  — 
Julien. 

No.  64  (3064).  —  Carbonaceous  slate.  Provisional  name,  plum- 
baginous  schist.  Like  No.  115.  Under  "Carbonaceous  shale," 
"Quartzose  carbonaceous  slate,"  and  "  Graphitic  shale,"  Julien  has 
described  similar  rocks.  See  Nos.  246  to  251,  Vol.  II,  p.  126,  Mich. 
Rep.  Grayish  to  brownish-black,  soft  and  brittle,  marks  paper,  and 
receives  a  high  polish  by  a  little  friction.  Contains  sometimes  quartz 
and  ochre  and  often  graphitic  films.  Is  a  carbonaceous  variety  of 
clay  slate.  Imperfectly  fissile,  and  without  oblique  cleavage  so  far  as 
observed.  See  Dr.  Wichmann's  Eeport,  §  173.  Sp.  Gr.  2.10  to  2.17. 
An  average  sample  gave  Brush:  C  20.86,  earthy  matter  77.78,  moist- 
ure 1.37.    Another  sample  contained  several  per  cent  of  iron-oxide. 

Loc.  L'Anse  Iron  Range,  Sec.  9,  T.  49,  R.  33,  in  large  quantity,  as- 
sociated with  clay  slate,  and  overlaid  and  underlaid  by  diabase,  in  the 
Lower  Huronian.  Has  not  been  observed  elsewhere  in  the  Marquette 
region,  except  at  the  S.  C.  Smith  Mine  associated  with  clay  slate;  bat 
it  occurs  at  several  points  in  the  Menominee  region  in  beds  XT, 
XVIII  and  XVI,  in  the  latter  associated  with  clay  slate  allied  to 
No.  114,  and  iron-ore.  No.  135.  In  bed  XV,  N.  of  Lake  Eliza,  is  a 
small  mass  in  quartzite,  appearing  somewhat  like  artificial  coke.  So 
far  as  observed,  it  cannot  be  said  to  be  abundant,  but  its  soft  nature 
would  render  it  not  likely  to  outcrop.  Hunt  says:  "We  have  such 
in  our  Green  mountains,  but  I  do  not  feel  sure  of  their  place.  Plnm- 
hagiuous  micaceous  schists  also  occur  in  III  in  New  Hampshire.** 
Wapler  compares  them  with  a  similar  rock  found  at  Reichenbacb. 
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Saxony.  Julien  observed  what  he  regarded  a^  "imperfect  f  acoidal  im- 
pressions." ^  See  Vol.  II,  p.  5,  Mich.  Rep.  So  far  as  known  the  rock 
has  no  valne.  The  somewhat  general  distribntion  of  carbonaceous 
matter  through  the  Haronian  is  interesting.  It  does  not  appear  to 
be  altered  where  it  comes  in  contact  with  the  greenstone. 

No.  65  (3065). — Ppotogine  conglomerate  (provisional  name). 
Compere  No.  102  from  same  locality,  and  No.  3.  A  reddish  gneissic 
rock,  containing  a  hydrous  magnesian  mineral  in  place  of  mica, 
which  in  some  varieties  prevails  to  the  extent  of  constituting  a  chlo- 
ritic  (?)  schist,  which  holds  pebbles  (sometimes  as  large  as  the  fist) 
of  granite,  gneiss  and  white  quartz.    Sp.  Gr.  2.67  to  2.76. 

Loo.  Bed  I.  Falls  of  the  Sturgeon,  Sec  8,  T.  39,  R.  29,  below 
and  conformable  with  the  great  quartzite,  bed  II.  Associated  with 
hydrous  magnesian  schists,  quartzites  and  greenstones.  Underlying 
this  series  on  the  north,  apparently  nonconformable,  are  unmistaka- 
ble Laurentian  gneisses.  Conglomerates  have  so  far  only  been  ob- 
served in  the  Huronian  and  copper-bearing  rocks  of  the  Archsean, 
and  are  believed  not  to  occur  in  the  more  highly  metamorphosed 
Laurentian. 

Mr.  Rutley  says:  "This  rock,  under  the  microscope,  resembles  in 
some  respects  No.  55,  being  largely  composed  of  quartz  and  slaty, 
felsitic  material,  together  with  crystals  of  magnetite;  but  it  differs 
from  it,  in  containing  large  patches  of  feldspar,  some  of  which  are 
unquestionably  triclinic,  showing  by  polarized  light  the  character- 
istic twin-striation.  Other  patches  may,  however,  be  orthoclase. 
Under  the  microscope,  the  rock  shows  indications  of  a  schistose  struc- 
ture. The  hand  specimen  of  the  rock  exhibits  a  great  deal  of  what  is 
apparently  talc,  or  chlorite,  and  has  red  stains  in  places,  which  may 
be  due  to  peroxidation  of  iron  compounds.  Some  tolerably  large, 
dark  and,  externally,  reddish-brown  cubes  of  pyrites  project  here  and 
there  on  the  surface  of  the  specimen.  The  section  examined  was  cut 
at  right  angles  to  the  foliated  or  schistose  direction,  and  consequently 
the  talc  or  chlorite  only  presents  thin  edges  of  plates,  and  hence  is 
difficult  of  recognition  under  the  microscope.  The  rock  attracts  the 
magnetic  needle."     See  Tomebohm's  remarks  under  No.  3. 

"  A  similar  rock  occurs  abundantly  in  North  Carolina,  in  the  west- 
ern Huronian  belt  (Kerr,  Geol.  of  N.  C,  Vol.  I),  and  in  the  Greens- 
boro belt" — Julien. 

No.  66  (3066).  — Gray  fine-grained  dolomite-marble.  Pro- 
visional name,  ribbed  and  cherty  marble.     Compare  No.  143,  which 

*  These  were  examined  by  Dr.  J.  S.  Newberry  and  the  same  opinion  was  expressed. 

A   A  J 
Vol.  III.  — 36  *     * 
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is  a  variety  of  the  satire  rock.  See  also  Nos.  9,  141.  Finer  grained 
than  Julien's  No.  105,  Vol.  II,  p.  57,  Mich.  Eep.  Delicate  pinkish 
and  purplish  graj,  sometimes  bluish,  mottled  and  faintly  striped, 
homogeneous,  crypto-crystalline,  semi-schistose,  irregular  fracture;  a 
thin  weather  coating  of  dirty  cream  color;  hard,  apparently  siliceous. 
I)oe8  not  effervesce  in  cold  acid.  Another  and  common  variety  of  the 
same  rock  which  also  occurs  in  the  Marquette  region,  is  banded  with 
siliceous  laminae,  scarcely  distinguishable  on  fresh  fracture,  which 
make  a  rough  ribbed  surface  from  their  better  resistance  to  the  weather. 
Where  exposed  they  vary  from  brown,  sandy,  to  gray  and  blackish, 
somewhat  cherty  laminae,  the  latter  often  minutely  corrugated.  Oc- 
casionally siliceous  veins  of  apparently  the  same  material,  and  con- 
nected with  them,  cross  the  laminae.  Sp.  Gr.  2.79  to  2.84.  An 
analysis  of  a  specimen  from  this  bed  gave  Dr.  Eominger:  carbonate 
of  lime,  61.00;  carbonate  of  magnesia,  34.00,  hydrated  oxide  of  iron 
and  manganese,  1.00;  siliceous  matter,  .25. 

Loc.  Bed  V.  Sec.  11,  T.  39,  E.  29,  Mich.  The  above  are  common 
varieties  in  this  great  marble  bed.  This  rock  is  purer  and  more 
uniform  and  less  mottled  than  the  marble  from  the  same  bed  of  the 
Marquette  region.  There  it  contains  a  bed  of  novaculitic  clay  slate, 
and  graduates  into  quartzite,  which  is  not  the  case  in  the  Menominee 
region.  The  cherty  and  ribbed  limestones  and  dolomites  of  the 
Huronian  of  Canada,  are  believed  to  be  closely  related  rocks.  This 
rock  is  apparently  richer  in  lime  than  that  now  used  as  a  flux  at  the 
Morgan  furnace,  from  the  same  bed.  It  would  make  a  serviceable 
building  material,  and  certain  varieties  possibly  possess  value  as 
ornamental  building  stone. 

No.  67  (3067).— Earthy  purple  hematite  shale.  Resembles 
No.  136.  Compare  with  Nos.  2,  44.  A  soft,  reddish-purple  (pigeon 
colored?),  earthy,  friable,  homogeneous  hematite  shale  or  slate, closely 
related  to  the  variety  No.  136,  which  is  richer  in  iron  and  more 
specular  in  appearance.  Can  be  broken  with  the  nail  into  a  fine  deep- 
purplish  powder,  which  gives  nothing  to  the  magnet.  Its  homo- 
geneity, absence  of  water,  and  totally  different  color,  separate  it  from 
the  earthy  limonitic  hematites  of  the  Marquette  region  (Nos.  25, 34), 
to  which  it  is  related  m  its  mode  of  occurrence;  and  its  softness  and 
lack  of  luster  separate  it  from  the  specular  ores,  to  which  it  is  more 
nearly  related  in  composition.  Sp.  Gr.  3.16  to  3.22.  A  richer  and 
harder  variety  from  this  mine  had  the  Sp.  Gr.  4.90,  and  yielded  E  T. 
Sweet  with  Prof.  Daniels,  Madison,  Wis.,  the  following  constitnente: 
Fe'0«  85.00,  SiO«  9.45,  APO«  1.47,  CaO  .99,  MgO  1.18,  Mn'O^  .12,  PO' 
.02,  S  .09,  HO  1.77  =  100.09. 
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Loc.  Bed  VI.  Breen  Mine.  See  description  of  this  stratum. 
Associated  with  several  varieties  of  quartzose  hematite  flags.  This 
ore  18  not  found  in  the  Marquette  region  in  any  quantity;  but  a  related 
"  blue  hematite,"  apparently  a  disintegrated  specular  ore,  has  been 
produced  to  a  limited  extent  at  the  New  England  Mine,  in  bed  XIII. 
The  exploiakions  at  this  locality  have  revealed  a  workable  deposit  of 
this  ore,  but  apparoiktly  not  so  rich  on  the  average  nor  so  extensive  as 
those  nwther  west  in  tho  aame  bed. 

No.  68  (3068). — Quartzose  specular  schist  (red  flag  ore).  Com- 
pare Nos.  23, 6, 5.  Dull  reddish-blue,  slightly  shining,  faintly  banded, 
siliceous  hematite  flag,  sometimes  somewhat  slaty.  Nearly  as  hard 
as  quartz.  Closely  related  to  the  magnetic  variety,  No.  23,  and  the 
birdVeye  ore,  No.  6,  under  which  see  remarks.  Sp.  Gr.  3.30  to 
3.88. 

Loc.  Bed  VI.  Sec.  11,  T.  39,  R.  29,  Menominee  region.  This  is 
the  prevailing  rock  in  this  formation;  in  it  are  deposits  of  purer  and 
physically  different  ores,  Nos.  67,  136,  under  which  see  remarks. 
See  also  remarks  under  No.  6. 

No,  69  (3069).  —  Gabbro  (Eutley,  Wapler).  Saussurlte  or  horn- 
blende  gabbro  (Pumpelly).  Provisionally  named,  porphyritic  speckled 
diorite.  Compare  No.  72.  Coarse-grained,  white  to  very  light- 
green,  compact  feldspar,  and  a  peculiar  gray-green  amphibolic  min- 
eral, in  strong  contrast.  Massive  to  semi-schistose.  Has  much 
resemblance  to  some  German  gabbros.  Some  varieties  have  a  serpen- 
tinoidal  appearance,  and  are  designated  serpentine  rocks  in  Foster 
and  Whitney's  Keport,  Part  II,  p.  25.    Sp.  Gr.  2.92  to  3.03. 

Loc,  Bed  XV.  Sturgeon  Falls,  Menominee  R.  This  peculiar 
variety  of  greenstone  is  confined  to  this  bed  and  the  valley  of  the 
Menominee,  where  it  forms  a  conspicuous  ridge,  associated  with 
hydrous  magnesian  and  greenstone  rocks. 

"  I  am  inclined  to  think  that  this  rock  is  a  gabbro.  The  feldspars 
are  too  much  altered  to  admit  of  determination,  but  the  other  princi- 
pal component  presents  the  appearance  of  diallage,  both  by  reflected 
and  by  transmitted  light.  I  cannot,  however,  speak  positively  on  the 
subject."  —  Eutley. 

"  In  the  thin  section,  hornblende  is  abandant  in  large  grains  with 
good  cleavages,  and  in  parts  even  predominates,  but  chiefly  in  the 
colorless  and  often  delicately-fibrous  form  (tremolite).  A  feldspar 
abounds  in  an  altered  condition,  as  colorless  granulated  masses,  polar- 
izing but  not  strongly.  There  are  also  clear  and  colorless  veins  of 
another  material  (sericite?)  with  thready  texture,  which  envelop  the 
other  grains;  between  the  crossed  nicols  they  display  only  a  very 
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feeble  polarization.  Biotite  is  common  but  in  small  quantity,  in 
brownish-yellow  scales,  of  irregular  form,  sometimes  presenting  a  net- 
work, and  which  are  more  or  less  dichroitic."  —  Julien. 

"  Saussurite-gabbro  (or  hornblende-gabbro):  contains  saussurUe 
diallagey  hornblende.  Identical  under  the  microscope  with  the 
coarser  crystalline  rock  of  Upper  Quinnesec  Falls." — Pumpelly. 

No.  70  (3070).  —  Decomposed  diabase  (Wichmann).  Chloritic 
schist?  Has  alscT  been  called  a  chloritic  aphanite  schist,  and  com- 
pact dioritic  schist.  Compare  Nos.  55, 119,  91.  Eesemble  Julien'a 
No.  339,  Vol.  II,  p.  174,  Mich.  Eep.  This  rock  is  a  type  of  the  ob- 
scure  so-called  greenstone,  or  dioritic  schists,  which  is  but  one  link  in 
the  chain  of  transition  from  hornblende  rock  through  diorite,  diabase, 
and  this  schist,  to  chloritic  schist,  and  even  to  argillite.  Dr.  Hunt  calls 
them  chloritic  diorites  and  says  they  are  identical  with  rocks  found  in 
the  Huronian  of  Canada.  They  are  of  various  shades  of  green  and 
gray- green,  irregular  schistose  structure  sometimes  slaty,  fine-grained, 
apparently  chloritic,  and  have  a  dull,  earthy,  very  uneven  fracture,  as  if 
somewhat  altered.  Similar  rocks  are  abundant  in  the  Menominee 
region,  especially  in  the  hornblendic  and  chloritic  bed  XVIL  Hey 
are  believed  to  be  much  less  common  W.  of  L.  Gogebic  Sp.  Gr. 
2.94  to  3.07. 

Loc.  M.  &  O.  R.  Eoad  (Gorge).  An  extensive  formation  imme- 
diately below  the  quartzite  V.  Similar  rocks  can  be  traced  from 
Marquette  to  K.  of  Teal  lake.  This  rock  resembles  the  aphanite 
from  Zelle,  near  Nossen,  Saxony.  "  The  whole  rock  has  been  changed 
almost  wholly  into  viridite,  and  this  substance  also  is  present  in  the 
fissures.  Plagioclase,  which  has  been  kaolinized,  represents  a  dust- 
like substance,  which  is  greenish  in  consequence  of  the  admixture  of 
viridite.  Newly-formed  distinct  crystals  of  augite  occur  in  the  viri- 
dite, while  of  the  original  individuals  of  augite,  no  trace  is  recogni- 
zable. Calcite,  which  has  also  been  formed  from  the  decomposition  of 
the  original  augite,  is  colorless  in  appearance  and  often  shows  a  distinct 
twin-lamellation  in  polarized  light."  —  Wichmann.  See  also  §  77  of 
his  report. 

No.  71  (3071).  —  Micaceous  hornblende  schist  (Wichmann). 
Provisional  name,  quartzose  chloritic  diorite.  Farts  of  the  rock  like 
No.  70.  Grayish  to  dark-green  with  grain  varying  from  crystalline 
to  coarse,  massive  rock,  related  to  the  greenstones,  and  apparently 
contains  quartz  and  chlorite.  In  places  the  weather  surface  is  warty 
(presenting  a  conglomeritic  appearance),  from  projections  of  crystal- 
line grains.     Sp.  Gr.  2.90  to  2.93. 

Loc.    20th  mile-post,  M.  H.  &.  O.  R.  R.    Age  unknown,  supposed 


Digitized  by 


Google 


DESCRIPTION  OF  TYPICAL  ROCKS.  565 

to  be  Middle  Huronian.  Eesembles  the  "  greenstone  '*  found  between 
Braunsdorf  and  Boringen  near  Rosswein,  Saxony  (Wapler). 

"  The  green  prisms  of  hornblende  and  the  brown  folia  of  biotite 
form  aggregations,  which  are  imbedded  in  a  feldspathic  gronndmass. 
The  hornblende  shows  the  beginning  of  a  change  into  viridite,  in 
which  substance  some  grains  of  epidote  occur.  A  little  calcite  has 
formed  in  the  fissures  of  the  rock."  —  "Wichmann.  See  also  §  134, 
Wichmann's  report. 

No.  72  (3072). — ^Diabase  (Wichmann).  Provisional  name,  speckled 
diorite.  Compare  Nos.  121,  120,  122,  83,  also  75  and  70.  Gray- 
green^  speckled,  medium-grained,  homogeneous,  massive,  apparently 
somewhat  altered  rock,  related  to  No.  75,  which  is  a  diorite  somewhat 
diabasic  in  character.     Sp.  Gr.  2.70  to  3.00. 

Loc.  Lower  Iluronian,  Marquette  Quarry,  associated  with  related 
greenstones  (often  more  or  less  decomposed)  and  schists  represented 
in  this  collection. 

Similar  rocks  have  only  been  found  in  the  L'Anse  Iron  Eange. 
See  No.  122.  Eesembles  some  Laurentian  rocks  observed  west  of 
L.  Gogebic.  See  Julien's  No.  309,  Vol.  II,  p.  159,  Mich.  Eep.  The 
serpentinoidal  greenstone  exposed  at  Sturgeon  Falls  and  above  on  the 
Menominee  river,  which  have  been  called  diorites,  gabbros,  diabases 
(see  No.  69),  have  more  resemblance  to  this  rock  than  any  other  in  the 
southern  region. 

"  A  rock  of  similar  composition,  but  differing  in  greater  coarseness, 
etc.,  is  found  at  various  localities  in  North  Carolina,  but  is  not  com- 
mon. Sometimes  it  has  been  produced  by  the  metamorphism  of  a 
gneiss  adjacent  to  a  dyke  of  eruptive  diabase,  e.  g.,  near  Charlotte. 
For  description,  see  Eeport  on  Geol.  of  N.  C,  Vol.  II." — Julien. 

No,  73  (3073).  —  Chloritic  selilst  (Rutley).  Has  also  been  called 
chlorite-potstone  schist,  and  clay  slate.  No  close  allies.  Compare 
Nos.  74  and  53.  Julien  calls  it  intermediate  between  his  Nos.  340 
and  341,  Vol.  II,  p.  175,  Mich.  Eep.  Light  gray -green,  soft,  slightly 
unctious-feeling,  irregularly  splitting  schist,  with  numerous  veins  of 
calcite.  Another  variety  was  harder,  with  a  glistening  splitting  sur- 
face, and  may  be  an  altered  hornblende  schist.    Sp.  Gr.  2.53  to  2.68. 

Loc.  Quarry  at  Marquette,  in  small  irregular  beds  or  dyke-like 
masses  in  greenstone  and  related  syenite  —  all  Lower  Huronian, 
probably  below  bed  V.  True  dykes  as  to  structure  of  related 
schists  cross  the  quartzite  V  at  the  E.  end  of  Teal  lake,  as  well  as 
the  iron-ores  of  beds  XII  and  XIII  in  the  Jackson  and  New  England 
Mines.  Tlie  material  filling  the  "  fluccan  "  (fault)  at  the  Washing- 
ton Mine,  is  similar.     Above  Bad  water  village  on  the  Menominee,  is 
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a  similar  chloritic  scliist  associated  with  quartzite  in  bed  XVIII,  oor- 
ered  at  high  water. 

Mr.  Rutley  says:  "  This  rock  appears  to  be  a  chloritic  schist.  The 
section  shows  one  or  two  small  veins  of  calc-spar,  the  individnal 
crystals  composing  the  veins  exhibitinp^  the  usual  twin  striation. 
These  calc-spar  veins  may  also  be  seen  quite  well  with  the  naked  eye. 
The  rock  has  an  argillaceous  odor  when  breathed  upon,  and  is  soft 
and  sectile.'* 

No,  74  (3074).  —  Talc  schist  (Wichmann).  Has  been  called  an 
unctions  clay  slate.  No  allies.  Compare  Nos.  73,  112,  53.  Gray- 
ish, white,  unctions  feeling,  apparently  somewhat  argillaceous  slaty 
schist.  Talc  is  a  rare  mineral  in  the  Archsean,  this  specimen  being 
the  purest  found;  although  unctions-feeling  chloritic  and  hydro- 
mica  schists  are  somewhat  common,  especially  in  the  iron-ore  strata. 
Many  hydrous  magnesian  schists  have  been  called  talcose,  which  are 
chloritic.  The  same  may  be  said  of  hydro-mica  schists  and  sericites. 
Sp.  Gr.  2.60  to  2.64. 

Loe,  At  Grace  Furnace,  Marquette.  A  small  bed  associated  with 
greenstones  and  related  schists.  Lower  Huronian  and  probably 
below  V. 

"  The  white  folia  and  scales  are  irregularly  aggregated  and  appear 
as  a  felt-like  mass.  Minute  grains  of  quartz  occur  now  and  then. 
Small  grains  of  magnetite  are  present,  but  are  surrounded  by  brown 
hydrated  oxide  of  iron,  in  consequence  of  its  alteration.  Hexagonal 
folia  of  hematite,  bluish-gray  prisms  of  tourmaline  and  small  crystals 
of  zircon  are  recognizable."  —  Wichmann.  See  also  §  164  of  his 
report. 

No.  75  (3075).  — Diorite  (Wright,  Wichmann,  Eutley).  Compare 
Nos.  118,  71  and  30,  and  also  No.  123.  Blackish-green,  medium- 
grained,  tough,  massive;  contains  a  little  epidote  in  thin  seams.  Sp. 
Gr.  2.96  to  3.08. 

Loc,  Light-House  Point  Quarry,  Marquette.  Lower  Huronian, 
probably  below  V.  Associated  with  other  hornblendic  rocks  and  re- 
lated schists.  The  syenite.  No.  116,  apparently  belongs  to  the  same 
series,  giving  interest  to  the  opinion  of  Mr.  Rutley  that  this  rock  may 
contain  orthoclase.  See  also  No.  77.  Nearly  identical  rocks  in  ap- 
pearance occur  in  corresponding  geological  position  in  the  Menominee 
region  at  falls  of  the  Sturgeon  river.  With  associated  rocks,  exten- 
sively quarried  for  filling  cribs  of  breakwater. 

"  Microscopically  this  rock  consists  chiefly  of  hornblende  and  plagi> 
oclase.  The  hornblende  is  distinctly  recognizable  and  is  but  little 
altered.    The  plagioclase  is  also  rather  fresh,  and  the  characteristic 
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twin  lamellation  always  appears  between  crossed  nicols.  A  little 
quartz  is  present  in  irregular  grains,  which  contain  many  fluid-enclos- 
ures. Biotite  forms  brown,  irregular  folia.  Titanic-iron  is  abundant, 
in  association  with  which  appears  a  grayish- white  substance,  which 
hae  been  formed  by  the  change  of  this  mineral.  Prisms  and  needles 
of  apatite  occur  especially  piercing  the  individuals  of  hornblende."  — 
Wichmann.    See,  also,  his  report,  §  87. 

"Is  composed  of  feldspars,  both  plagioclase  and  orthoclase,  or 
plagioclasc,  some  of  which  may  have  undergone  alteration,  and  so 
may  somewhat  resemble  altered  orthoclase.  This,  however,  is  doubt- 
ful, as  the  specimen  looks  fresh  and  unweathered.  The  other  com- 
ponents are  hornblende,  and  some  magnetite.  The  rock  only  very 
feebly  aflFects  the  magnetic  needle.  It  is  either  a  diorite,  or,  perhaps, 
if  orthoclase  be  present,  as  it  seems  to  be,  it  would  be  more  correct  to 
regard  it  as  a  fine-grained  syenite."  —  Eutley. 

"  Is  no  true  diorite,  as  it  contains  small  remains  of  augite.  Ac- 
cording to  the  newest  nomenclature,  it  might  be  named  protero- 
bos.'-  —  Tornebohm. 

No.  76  (3076). — Hornblende  schist  (Wichmann).  Dioritic  schist, 
with  little  feldspar  and  no  chlorite  (Wright).  Compare  Nos.  31, 103, 
and  Julien's  Nos.  182,  266  and  267,  Voh  II,  pp.  95  and  136,  Mich. 
Rep.  Chiefly  made  up  of  a  blackish- green,  somewhat  lustrous  min- 
eral, resembling  chlorite,  but  too  hard  and  heavy.  Structure  almost 
slaty.  Contains  seams  and  veins  of  calcite.  May  be  regarded  as  in- 
termediate in  character  between  hornblende  and  dioritic  schist.  Sp. 
Gr.  2.92  to  3.03. 

Loc.  Light-House  Point  Quarry,  N.  W.  side  of  Marquette  bay, 
associated  with  greenstones,  syenites,  and  chloritic  schists.  See  Nos. 
75,  73  and  allies.    In  Lower  Huronian,  probably  below  V. 

*'The  groundmass  is  feldspathic  in  composition.  Hornblende  is 
present  in  green  individuals,  which  are  striated.  Biotite  is  not  infre- 
quent Numerous  hexagonal  folia  of  hematite  appear.  Calcite  in 
irregular  grains  shows  a  distinct  twin-lamellation  in  polarized  light. 
Titanic-iron  forms  small  grains,  each  of  which  is  surrounded  by  a 
grayish-white  substance.  Minute  folia  and  scales  of  muscovitc 
occur."  —  Wichmann.    See,  also,  §  137. 

No.  77  (3077).— Hornblendic  syenite  (Wichmann).  Porphy- 
ritic  syenite  (Rutley).  Provisional  name,  porphyritic  hornblendic 
diorite.  Less  feldspar  than  No.  116.  See  for  varieties,  Julien's 
Nos.  314  to  319,  Vol.  II,  pp.  161  to  164,  Mich.  Hep.  Composed 
chiefly  of  coarse  tabular  grains  of  green-black  hornblende,  with 
smaller  and  less  numerous  grains  of  reddish  orthoclase,  the  minerals 
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being  but  little  changed  on  weathered  surface,  thus  diflfering  from 
diorite.    Little  or  no  quartz.    Sp  .Gr.  2.82  to  3.00. 

Loc.  Picnic  Kocks,  Marquette,  Lower  Huronian,  probably  below 
V.  A  similar  rock  (No.  116),  most  likelj  the  same  bed,  occurs  in  the 
Marquette  quarries  associated  with  greenstones  and  related  schists. 
A  related  rock  in  general  character  occurs  south  of  the  east  end  ot 
Michigamme  Lake,  having  some  of  the  structural  characteristics  of 
an  eruptive  mass.  Mr.  Eutley  says:  "  Is  shown,  under  the  micro- 
scope, to  be  mainly  composed  of  hornblende  and  orthoclase,  many 
patches  of  the  latter  mineral  exhibiting  crossed  twin-striation  in  po- 
larized light.  Some  quartz  is  also  present.  Here  and  there  small 
clear  and  colorless  transverse  sections  of  hexagonal  prisms  are  shown, 
which,  between  crossed  nicols,  become  dark.  These  crystals  are  prob- 
ably nepheline  or  apatite.  Analysis  of  a  moderate  quantity  of  the 
rock  would  easily  show  to  which  of  the  two  minerals  they  should  be 
referred.  These  crystals  are,  however,  very  small  and  by  no  means 
numerous.    The  rock  is  apparently  a  porphyritic  syenite." 

No.  78  (3078). —  Serpentine  (Whitney).  Has  been  called  magne- 
sian  altered  diorite  and  black  trap.  No  allies.  Compare  Nos.  82, 83, 
122.  See  Julien's  black  serpentine,  No.  321,  Vol.  II,  p.  165,  Mich. 
Rep.  Iron-black,  slightly  glistening,  hard,  compact,  brittle,  fine- 
grained rock,  in  which  many  facets  of  altered  hornblende  can  be  seen 
set  in  a  serpentinoidal  matrix.  Sp.  Gr.  2.80  to  2.92.  The  analysis  of 
a  similar  rock  from  this  locality  (see  Foster  and  Whitney's  Report, 
Part  II,  p.  92)  gave:  SiO«  38.24,  MgO  14.83,  A1*0»  1.48",  CaO  1.42, 
HO  9.53,  FeO^  FeO  and  a  little  NaO  34.50=100.00;  from  which  it 
was  inferred  that  the  rock  was  essentially  a  hydrous  silicate  of  mag- 
nesia and  the  protoxide  and  peroxide  of  iron. 

Loc.  N.  E.  corner  of  Presqu'  isle.  Lake  Superior,  where  it  occurs 
in  large,  black,  irregular,  rounded  masses,  underlying  nonoonformably 
Lower  Silurian  sandstones.  A  short  distance  out  in  the  lake  are  sev- 
eral islands  of  Laurentian  granite.  It  may  be  eruptive,  is  probably  of 
Huronian  age,  and  related  to  some  of  the  altered  greenstones.  Simi- 
lar rocks,  perhaps  dykes,  occur  in  the  Huronian  in  Sees.  22,  28,  29, 
T.  42,  R.  31,  on  the  Michigamme  river.  Julien  regards  them  as  al- 
tered diorites.    See  Nos.  322,  323,  Vol.  II,  p.  165,  Mich.  Rep. 

At  these  localities  the  rock  has  been  exposed  to  the  waters  of  the 
lake  or  river,  which  may  have  produced  the  alteration,  as  is  suggested 
under  No.  120. 

'^  An  excellent  example  of  pseudomorphs  of  serpentine  after  oli- 
vine. A  great  deal  of  the  substance  has  already  been  changed  into 
greenish  serpentine.    The  change  has  taken  place  by  an  attack  on  the 
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olivine  along  many  fissures,  that  traverse  it  in  every  direction."  — 
Wichmann.    See  also  his  report,  §  59. 

No.  79  (3079).  — Diabase  (Wichmann).  Diorite  with  magnetite 
(Rntley).  Provisional  name,  "Trap."  like  No.  94.  Compare  Nos. 
82,  83.  A  grayish-black,  minutely  glistening,  compact,  heavy,  tough, 
hard,  fine-grained,  massive  rock,  with  numerous  irregular  joint-planes, 
and  conchoidal  fracture.  Quite  a  distinct  variety  in  appearance  from 
the  several  other  varieties  of  diabase.    Sp.  Gr.  2.85  to  3.01. 

Loc.  From  a  vertical  dyke  at  Washington  Mine,  10  feet  thick, 
which  crosses  the  ore-bed  XIII,  and  gives  off  branches.  Such  dykes 
have  been  observed  at  no  other  mine,  and  only  one  or  two  other  sim- 
ilar, and  very  small  ones,  in  the  Iluronian.  Similar  but  much  finer- 
grained  dykes  have  been  seen  in  the  Laurentian,  S.  W.  of  L.  Gogebic, 
but  they  are  rare  of  this  material,  being  usually  coarse-grained  and 
more  dioritic.    See  Julien's  No.  355,  Vol.  II,  p.  182,  Mich.  Rep. 

"  Plagioclase  is  present  in  fine  rod-like  crystals,  which  in  polarized 
light  show  the  characteristic  twin-lamellation.  Very  little  orthoclase 
is  recognizable.  Augite  shows  a  beginning  of  change  into  viridite. 
An  interstitial  substance  occurs  between  the  constituents  of  this  rock. 
It  has  not  been  individualized,  and  must  be  considered  as  the  remains 
of  the  original  fluid  magma  of  the  diabase.  Apatite  is  abundant. 
Biotite,  which  forms  irregular  brown  folia  is  not  nnfrequent  Magne- 
tite is  present  in  sharply  defined  octahedra,  and  a  little  titanic-iron  is 
also  recognizable.  Hematite  appears  in  blood-red  hexagonal  folia." 
—  Wichmann.    See  also  §  72. 

"  Under  the  microscope,  the  section  shows  a  mesh  work  of  crystals 
of  feldspar,  some  triclinic,  together  with  much  disseminated  magne- 
tite, and  some  very  minute  crystals  and  spiculce  of  hornblende.  It 
may  be  regarded  as  a  diorite." —  Rutley. 

"The  microscopic  examination  shows  that  the  rock  is  not  a  diorite 
but  an  aphanitic  diabase.  It  resembles  pretty  closely  dykes  in  some 
of  the  Swedish  mining  districts,  for  instance,  Norberg."  —  Tome- 
bohm. 

"Quite  similar  to  Scotch  and  English  dolerites." — Allj)ert 

"  From  my  experience,  I  would  say  that  this  rock  is  eruptive." 

Hawes. 

No.  81  (3081).  —  Roofing  slate.  Provisional  name,  clay  slate. 
Compare  Nos.  20  and  113.  A  bluish-black,  firm,  argillaceous  slate 
with  perfect  oblique  cleavage  and  very  fissile.  Said  to  be  a  good  roofing 
slate.  From  the  Huron  Bay  slate  district.  Age  unknown,  probably 
Lower  Huronian,  associated  with  quartzose  rocks.  Clay  slates  are 
generally  distributed  through  the  Huronian,  but  appear  to  be  most 
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abundant  in  the  north  and  west  parts  of  the  Marquette  region  and 
in  the  Menominee  region.  Are  often  carbonaceous.  See  Nos.  64, 
115  (2153).  When  associated  with  limestone,  they  are  apt  to  have 
the  character  of  novaculites.  See  Nos.  10, 12  and  13.  See  remarks 
on  cleavage  under  Nos.  20  and  113.  The  first  company  for  quarrying 
slate  in  this  district  was  organized  Jan.,  1872,  since  which  several  have 
been  formed  and  a  considerable  and  growing  industry  is  established. 

No.  82  (913). — Diabase  (Wichmann).  No' allies.  Compare  Nos. 
79,  9i.  Several  varieties  are  described  by  Julienas  "  Black  Trappean 
Diorite"  under  Nos.  342  to  349,  Vol.  II,  p.  176  to  179,  Mich.  Eep. 
Brownish  and  grayish  black,  speckled  with  whitish  and  brownish;  glit- 
tering, hard,  tough,  compact,  coarse,  heavy,  massive  to  semi-schistose 
rock,  with  very  uneven  fracture.  Made  up  of  about  one-half  black 
amphibolic  mineral  in  irregular  crystalline  lamellar  grains,  the  facets 
often  of  high  luster,  and  one-half  greenish  and  grayish  feldspar  in 
irregular  tabular  crystals.  "Weathers  unevenly  to  a  dirty  brown  and 
blackish  green,  and  passes  by  disintegration  into  an  angular  sand, 
No.  99.  Another  variety  contained  blackish -brown  hornblende,  many 
minute  fissures  of  which  variety  were  occupied  by  a  film  of  a  yellow- 
ish-green color,  apparently  epidote. 

Loc,  L'Anse  Iron  Range,  Sec.  9,  T.  49,  R  33,  in  a  bed  underlaid 
by  ferruginous  schists  and  carbonaceous  clay  slates,  probably  Lower 
Iluronian.  See  Mich.  Eep.,  Yol.  I,  p.  152.  No  similar  greenstone 
or  related  rock  has  been  seen  elsewhere  in  the  Huronian  or  Lanren- 
tian.  It  difiers  in  its  external  physical  characters  from  No.  70  and 
similar  rocks  which  Dr.  Wichmann  names  diabases,  as  widely  as 
possible;  but  it  has  similar  stratigraphical  characteristics.  Evidence 
of  non-conformability  between  greenstones  and  adjacent  schists  exist 
at  this  locality  (See  No.  122),  and  this  rock  may  be  eruptive. 

"Eesembles  107  B,  Eagle  R.  section.  Copper  series."  —  Pumpelly. 
See  Mich.  Geol.  Eep.,  Vol.  I  ,Part.  11,  p.  135. 

"  The  individuals  of  augite  are  large  and  rather  fresh  and  unaltered, 
yellowish-green  in  color  and  highly  fissured.  Plagioclase,  in  rod-like 
crystals,  shows  a  beautiful  twin-lamellation  in  polarized  light  An 
interstitial  substance  occurs  between  these  constituents.  Titanic  iron 
is  present  in  fine  crystals,  which  are  aggregated.  These  aggregations 
represent  the  hexagonal  forms  of  crystallization  of  this  mineral."— 
Wichmann.    See  also  his  report  §  71. 

"  From  my  experience,  I  should  say  after  examination  of  this  section, 
that  this  rock  was  eruptive." — Hawes. 

No.  83  (911).— Serpentine  (Wichmann).  Provisional  name,  por- 
phyritic  greenstone.    No  allies.    Compare  with  Nos.  123, 121,  78. 
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Described  bj  Julien  as  No.  351,  Vol.  II,  p.  180,  Mich.  Eep.  Dark 
blnish-green,  dull,  with  brown,  glistening  grains.  A  rather  hard,  brit- 
tle, compact,  heavy,  crystalline  rock,  made  up  of  about  one-third 
brownish  to  copper-colored  grains  of  feldspar  of  good  cleavage,  in  a 
dark,  dull  blnish-green,  aphanitic  paste.  Fracture  uneven.  Weathers 
unevenly  to  reddish-brown.  Julien  regards  No.  99  as  the  weathered 
product  of  this  rock.  It  is  more  porphyritic  in  appearance  than  any 
other  rock  known  to  be  Hnronian. 

Loc.  Lower  Huronian,  L'Anse  Iron  Eange,  N.  W.  i  of  Sec.  9, 
T.  49,  R.  33.  Tliis  rock  is  associated  with  No.  122  (under  which  see 
remarks),  and  may  be  a  dyke. 

"This  serpentine  shows  well  its  metamorphic  origin,  as  it  chiefly 
consists  of  pseudomorphs."  —  Allpert. 

No,  84  (1485).  —  Banded  jasper  schist  (Pumpelly).  Provisional 
name,  red-banded  chert.  No  direct  allies.  Compare  Nos.  37,  85. 
Described  by  Julien  as  Nos.  166,  167,  Yol.  II,  p.  87,  Mich.  Rep. 
Narrow  bands  of  various  shades  of  red,  brown,  and  grayish  jasper, 
speckled  with  red,  and  occasionally  smoky-gray  laminaB  of  chalcedony. 
The  jasper  layers  are  broken,  displaced  and  bent  by  tiny  faults  tilled 
by  the  brownish  and  more  granular  portions.  This  process,  if  carried 
far  enough,  would  evidently  produce  the  breccia.  No.  85.  See  re- 
marks on  this  origin  of  certain  breccias,  with  figures,  Mich.  Eep., 
Vol.  II,  App.  K.  Fracture  uneven,  conchoidal.  Too  hard  for  file. 
Unchanged  on  weathered  surface.  Another  variety  was  more  brecci- 
ated,  and  contained  small  drusy  geodes. 

Loc.  Sunday  Lake  outlet  (Black  R  series),  W.  side  Sec.  18,  T. 
47,  R  45.  Near  the  middle  Huronian,  associated  with  ferruginous 
slates,  greenstones,  and  certain  closely  related  gray  and  greenish- 
banded  cherty  rocks,  which  prevail  here  in  these  more  typical  forms, 
»to  a  greater  extent  than  at  any  other  observed  point  in  the  Huronian. 
A  homogeneous,  blackish  variety,  called  lydianstone  by  Dr.  Wich- 
mann,  associated  with  related  quartzose  rocks,  occurs  on  Black  R, 
near  center  of  Sec.  12,  T.  47,  R  46  W.  The  dull  to  bright-red  quartz 
laminflB,  often  jaspery,  associated  with  the  specular  ores  of  bed  XIII, 
Marquette  region  (see  No.  37),  are  nearly  related,  and  are  near  the 
B^me  horizon.  In  the  Cascade  Iron  Series,  near  the  base  of  the 
Huronian,  similar  rocks  are  also  found.  The  nearest  related  rock 
observed  in  the  Menominee  region  occurs  in  bed  XYI,  at  the  falls  of  the 
Paint  R,  where  it  is  associated  with  argillaceoosaiid  ferruginous  rocks. 

The  quartzose  lamin»  ooenrrhig  in  the  limestones,  especially  in 
the  Menominee  n^n,  have  not  this  cherty  character,  aldioii^  ehert 
lA  Unestone  is  common  in  the  HnrcHiiait  of  Canada. 
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No.  85  (1487).  —  Cliert-braeela  (Wichmann).  Provisional  name, 
schistose  jasper  breccia  and  banded,  fermginons  cherty  schist. 
Xo  direct  allies.  Compare  Xos.  84,  37.  Described  by  Julien,  Xoe. 
124,  125,  Vol.  II,  p.  67,  Mich.  Rep.  More  or  less  angular,  flattened 
fragments  of  green  chert,  in  a  greenish-graj,  qnartzose,  crystalline 
matrix.  Evidently  a  greenish  variety  of  Xo.  84,  in  which  the  inter- 
nal motion  has  been  such  as  to  completely  break  np  and  displace  the 
qnartzose  laminae.  Weathered  surface  is  brown  and  yellow,  and  extends 
to  the  depth  of  one-eighth  inch.    Sec  under  Xo.  84. 

Loc.  Sunday  Lake  outlet.  W.  side  Sec  18,  T.  47,  R.  45.  See 
remarks  under  Xo.  84. 

"  The  regular  fragments  of  chert  consist  microscopically  of  aggre- 
gations of  small  grains  of  quartz.  They  contain  numerous  sharply 
defined  rhombohedra  of  calcite,  all  of  which  possess  a  rough  surface. 
The  outlines  of  the  fragments  of  chert  are  also  surrounded  by  calcite. 
Fluid  enclosures  are  abundant  in  some  fragments;  also  sometimes 
small  needles  occur  here  and  there.  The  substance  which  cements 
the  fragments  of  chert  seems  also  to  be  silicious.  Only  in  some  parts 
of  a  thin  section  it  becomes  transparent,  and  here  we  observe  it  con- 
sisting of  quartz,  which  is  filled  with  numerous  grains  of  calcite. 
Besides  these,  a  dust-like  substance  is  present,  in  consequence  of 
which  the  cement  is  not  pellucid.  Some  irregular  folia  of  chlorite 
occur  and  also  a  black  opaque  substance." — Wichmann.  See  also 
§  180  of  his  report. 

No.  88  (1089). — Black  hornblende  seUst  (Julien).  Compare 
Xo.  126, 18,  123.  Described  by  Julien  as  Xo.  271,  Vol.  II,  p.  140, 
Mich.  Eep.  Composed  mostly  of  medium-sized,  dark-green,  tabular 
grains  of  hornblende.  More  schistose  than  Xos.  75  and  123.  Differs 
from  Xo.  77  chiefly  in  the  feldspar,  which  is  greenish-gray  instead  of 
red. 

Loc.  Bed.  IX.  Old  Washington  Mine,  in  which  varieties  of  this 
rock,  which  have  been  called  hornblende  rock,  hornblende  gneiss,  and 
diorites,  prevail.  Like  the.  hornblende  rock  at  Schmalzgrube  near 
Marienberg  in  Saxony  (Wapler). 

No.  89  (729).—  MIcaeeons  chlorite  schist  (Wichmann).  Pseudo- 
morphous  chlorite  schist,  and  later,  tremolitic  mica  schist  (Julien). 
Xo  allies.  Compare  Xos.  70,  134.  Three  varieties  are  described 
by  Julien,  Xos.  179,  180,  181,  Vol.  II,  pp.  94,  95,  Mich.  Rep. 
Pumpelly  has  described  another  variety  of  the  same  rock  under 
"  pseudomorphs  of  chlorite  after  garnet,"  Am.  Jour.  Sci.,  Vol.  X. 
July,  1875.  Dark-green,  soft,  semi-schistose  to  massive,  chloritio 
rock,  containing  numerous  scales  and  octahedra,  apparently  pseudo- 
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morphs  of  chlorite  after  magnetite.  Crystals  of  ampliibole  and 
pseudomorphs  of  chlorite  after  the  same,  also  occur.  The  magnet 
separates  several  per  cent.  Eflfervesces  slightly  with  acid.  No 
equally  well  characterized  chloritic  rock  has  been  elsewhere  observed 
in  large  quantities. 

Loc.  Bed  XIII.  Spurr  Mine.  Occurs  in  lens-shaped  layers  in  the 
upper  part  of  the  bed  next  the  quartzite  XIV,  associated  with  pure 
magnetic  ores.  The  scaly,  obscure,  chloritic  slate.  No.  55,  occupies 
the  same  position  in  the  Barnum  Mine.  See  description  of  bed  XIII 
and  remarks  under  No.  55.  Small  lenticular  masses  and  bunches  of 
similar  rock  containing  large  garnets,  occur  at  the  Eepublic  Mt.  and 
elsewliere. 

"  This  schist  represents  microscopically  a  tangled  mass  of  green  folia 
of  chlorite.  Biotite  appears  in  the  form  of  largo  brown  folia,  which  are 
strongly  dichromatic.  They  are,  on  an  average,  0.4  millimetres  in 
length,  and  0.1  millimetres  in  breadth.  Muscovite  in  colorless  folia 
is  not  unfrequent.  Many  opaque  grains  and  plates  may  belong  in 
part  to  magnetite,  partly  to  titanoferrite."  —  Wichmann.  See  also 
his  report,  §  159. 

"  In  the  thin  section  the  predominant  mineral,  quartz  is  found  in 
clear,  colorless  grains,  containing  minute  biotite  scales  as  inclusions. 
It  is  also  rich  in  biotite,  in  tiny  irregular  but  rounded  scales,  bluish- 
green,  brownish-green  to  leather-brown  in  color;  dichroitic,  strongly 
so  in  cross-sections,  and  quite  irregularly  dispersed.  Long  rectangular 
sections  consist  of  altered  hornblende,  colorless,  cloudy,  and  rendered 
minutely  granular  by  inclusions,  whose  arrangement  often  marks  the 
original  fibrous  texture.  Magnetite  is  found  in  a  few  minute  plates, 
black  )ftnd  opaque,  sometimes  hexagonal  in  form."  —  Julien. 

No.  90  (1252). —  Mica  schist  (Wichmann).  Fine-grained  grayish- 
black  gneiss  (Julien).  No  direct  allies.  Described  by  Julien, 
No.  257,  Vol.  IL  p.  130,  Mich.  Kep.  Grayish-white,  minutely 
speckled  with  black,  glistening  silvery  brown  mica-scales,  hard,  tough, 
compact,  of  a  slaty  schistose  structure,  somewhat  like  the  German 
schiefer-gneiss.  By  a  diminution  and  final  disappearance  of  the  other 
minerals,  this  becomes  a  soft,  friable,  mica  schist  with  delicately  cor- 
rugated surface,  as  seen  below  Cedar  Portage. 

Loc.  Bed  XIX.  Long  Portage,  Lower  Michigamme  river.  Gees. 
32  and  33,  T.  42,  R.  31.  Similar  micaceous  and  homblendic  rocks,  in 
places  having  granite  veins,  occur  to  the  west  at  the  portage  in  the 
Paint  river,  and  have  been  traced  east  through  the  south  part  of  T.  42, 
Rs.  30,  29,  28,  as  far  as  the  meridian  of  Felch  Mt.  It  cannot  be  posi- 
tively asserted  that  all  belong  to  bed  XIX,  but  it  is  probable.    A  char- 
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acteristic  variety  of  tBis  bedfs  ffie  bfamtiH tie »iM^Sfilu&t^ Ko.  61,  which, 
however,  is  far  less  common  in  the  Menominee  than  in  the  Marquette 
region. 

No.  9 1  (1249).—  Clay  slate  (Wichmann).  Compare  Nos.  132, 121, 
70.  Described  by  Julien  as  a  chloritic  feldspathic  argillite,  No. 
209,  Vol.  II,  p.  108,  Mich.  Eep.  Eesembles  his  No.  339,  p.  174. 
Grayish-green,  dull,  compact,  tough,  homogeneous,  of  impalpable 
grain  and  rather  schistose  structure,  apparently  argillaceous  and  clilo- 
ritic,  contains  veins  of  calcite  and  quartz.  Closely  related  to  rocks 
from  the  Marquette  quarries  called  decomposed  diabases  by  Dr.  Wich- 
mann.    See  remarks  under  Nos.  70, 120,  121. 

Loc.  Michigamme  river,  midway  between  Paint  and  Grand  Port- 
ages. Huronian,  ago  unknown.  Is  closely  related  in  appearance  to 
the  fine-grained,  altered,  chloritic  greenstones. 

No.  94  (1110).  —  Diabase  (Wichmann,  Wright).  Provisional 
names,  black  aphanitic  diorite  and  "  trap." 

Like  79,  and  from  same  locality.  Described  by  Julien  as  No.  354, 
Yol.  IT,  p.  181,  Mich.  Kep.,  and  by  Wichmann,  §  72,  chap.  Y. 

Ilunt  says:  "  Seems  to  be  a  fine-grained,  compact  dolerite."  Pum- 
pelly  says:  "True  diabase,  and  resembles  the  ash-bed  diabase.  Eagle 
river  section,  copper-series,  to  judge  from  the  thin  section.'' 

No.  96  (1228).  —  Ferruginons  granite.  Compare  Nos.  7  and  101. 
Described  by  Julien,  No.  253,  Yol.  II,  p.  128,  Mich.  Rep.  Eeddish- 
gray  mottled  with  light-brown,  hard,  tough,  coarse,  massive  rock,  with 
uneven  fracture,  consisting  of  feldspar  (apparently  orthoclase),  quartz, 
micaceous-iron  and  a  very  little  silvery  mica.  Resembles  the  eisen- 
granit  of  the  Germans.  The  iron  has  its  source  undoubtedly  in  the 
unchanged  walls  of  the  dyke,  which  are  quartzite  highly  charged  with 
specular  ore. 

Loc.  Felch  Mt.  Sees.  32  and  33,  T.  42,  R.  28.  A  dyke  running 
north  and  south  across  the  ferruginous  quartzite  II.  A  similar  one 
was  seen  by  Prof.  Pumpelly  eight  miles  west  on  Sec.  31,  in  the  great 
iron-ore  stratum  of  YI.  No  others  have  been  observed  in  the  Lower 
Huronian  of  the  Menominee  region,  but  in  bed  XIX,  next  the  over- 
lying granite,  a  number  occur.  No  unmistakable  granite  dykes  or 
veins  have  been  seen  elsewhere  in  the  Huronian  (See  No.  7),  although 
they  are  numerous  in  the  Laurentian.  One  of  the  proofs  of  non-con- 
formability.  Yery  much  resembles  the  granite  of  Hitteroe  in  Norway 
(Wapler).  A  corresponding  rock  (so-called  "  itabyrite  ")  is  found  in 
North  Carolina  (GeoL  of  N.  C,  Yol.  I,  p.  251,  and  Yol.  11.)— Julien. 

No.  97  (984).— Ferruginous  crystalline  limestone.  No  allies. 
Described  by  Julien  as  No.  101,  Yol.  II.,  p.  55,  Mich.  Rep.    White 
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to  red  and  blackish,  mottled.  Irregular  grains  of  calcite,  separated 
from  each  other  by  a  brown  harder  matrix,  constituting  less  than  one- 
half  the  mass,  which  Julien  calls  siderite.  The  calcite  grains  have 
dissolved  out  on  the  weathered  surface,  leaving  it  roughly  pitted. 
Effervesces  briskly  in  cold  acid,  thus  differing  from  the  common 
dolomitic  variety. 

Loc.  Sec.  28,  T.  51,  E.  31.  Huron  Bay  slate  district,  in  a  small, 
irregular  and  vein-like  mass,  associated  with  ferruginous  minerals. 
Has  not  been  observed  elsewhere. 

No.  98  (1428).  —  Provisionally  named  ehlorltic  diorlte-wacke^ 
and  later,  turglte  schist  (Julien).  Closely  related  to  Nos.  121,  122. 
Described  by  Julien  as  No.  325,  Vol.  II,  p.  167,  Mich.  Eep.  A  very 
fine-grained,  reddish-gray  schist,  rather  soft  to  the  knife,  and  with 
brick-red  streak.  Under  the  loupe,  it  seems  to  consist  of  rather  hard, 
black,  rounded  grains,  slightly  shining,  rarely  one-eighth  of  an  inch 
in  length,  enveloped  in  a  soft,  ochreous  cement  of  brownish-red  to 
brick-red  color.  The  seams  and  fissures  are  reddish-black  and  shin- 
ing. Fragments  of  the  rock  decrepitate  in  a  closed  tube,  sometimes 
quite  briskly.  The  powder  loses,  on  ignition,  6.3  per  cent,  of  its 
weight 

Loc.  W.  line  of  Sec.  18,  T.  47,  K.  45,  on  Sunday  Lake  outlet. 
Black  river  series,  west  of  Lake  Gogebic.  Precise  age  undetermined, 
probably  middle  Huronian.  Associated  with  other  greenstones,  jas- 
pery  and  cherty  (Nos.  84,  85).  and  magnetic  schists.  Similar  rocks 
occur  in  the  vicinity  of  Marquette,  and  on  the  L'Anse  iron  range. 
See  remarks  under  Nos.  121,  122. 

No.  99  (887).  —  Probably  a  completely  decomposed  diabase  (Wich- 
mann).  Provisional  names,  brown  wack6  and  greenstone  sand. 
Compare  Nos.  122,  82  and  83.  Described  by  Julien  as  No.  352, 
Vol-  II,  p.  180,  Mich.  Eep.  Eeddish-brown  mottled  with  dirty 
light-yellow,  dull  and  earthy;  from  an  angular  sand  to  a  friable  de- 
composed rock,  produced  apparently  by  the  weathering  of  No.  82,  or 
perhaps  of  rocks  related  to  No.  83.  Both  the  feldspar  and  hornblende 
are  altered,  but  can  be  distinguished. 

Zoc.  Lower  Huronian,  L'Anse  Iron  region.  Same  locality  as  No. 
82,  forming  the  lower  portion  of  that  bed,  and  apparently  a  disinte- 
grated and  altered  variety  of  the  same.  This  variety  is  found  on  the 
south  side  of  the  ridge  and  near  the  contact  with  the  underlying 
limonitic  siliceous  schist. 

No.  101  (1715).— Granite  (Wichmann).  Compare  No.  96  from 
vein,  and  No.  7.  Light  flesh-red  orthoclase,  an  unusually  large 
amount  of  blackish  mica,  and  white  quartz.    Medium-grained,  mass- 
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ive.  The  micaceous  mineral  does  not  appear  on  the  reddish  weath- 
ered surface,  where  the  quartz  is  much  more  conspicuous  than  on  a 
fresh  fracture. 

Loc.  Bed  XX?  Near  corner  of  Sees.  20  and  28,  T.  42,  R  32,  Paint 
Eiver  district.  This  bed,  recently  determined  as  the  youngest  known 
Iluronian  so  far  as  observed,  is  chiefly  granite,  often,  especially  south 
of  the  great  Quinnesec  Falls,  coarser-grained,  lighter  colored  and  less 
micaceous  than  this  variety.  In  places  it  is  gneissic,  and  one  variety, 
No.  117,  is  a  well  characterized  hornblende  gneiss.  These  gneisses  all 
conform  with  the  underlying  hornblendic  and  micaceous  schists  of 
bed  XIX. 

"  The  irregular  granules  of  quartz  contain  many  fluid-enclosures  in 
their  water-clear  substance.  The  feldspar- constituent  is  chiefly  repre- 
sented by  othoclase,  which  has  been  altered.  A  little  plagioclase  is 
also  present.  Biotite  forms  large  brown  folia,  which  are  strongly 
dichromatic.  Small  prisms  of  quartz  occur.  Some  individuals  of 
augite,  which  appear  now  and  then,  are  nearly  colorless  and  highly 
fissured." — Wichmann.     See.  also  §  60  of  his  report. 

No.  102(1641).  —  Mica  gneiss  (Wichmann).  Provisional  name, 
protogine.  Resembles  No.  3.  Compare  No.  65.  Brownish-gray 
gneiss,  mottled  with  reddish  and  white  grains  of  feldspar  and  qaartz, 
which  are  often  scattered  through  the  somewhat  uniform  and  rather 
finely-grained  gray  matrix,  giving  the  rock  a  sort  of  conglomeritic 
appearance.  It  is  associated  with  the  protogine  conglomerate  No.  65, 
and  is  probably  a  variety  of  that  rock. 

Loc,  Bed  I.  Falls  of  the  Sturgeon,  Menominee  region.  See  re- 
marks under  No.  65,  with  which  rock  this  is  associated.  Quartzose 
bed  Y,  of  the  Marquette  region,  graduates  into  a  somewhat  similar 
rock.  See  No.  3.  The  rocks  have  considerable  resemblance  to  certain 
chloritic  gneisses  from  the  Laurentian.    See  remarks  under  No.  3. 

"  The  water-clear  grains  of  quartz  are  filled  with  rows  of  flnid- 
enclosures,  and  also  contain  numerous  long  bristle-like  microlites. 
The  crystals  of  orthoclaso  are  much  altered,  and  in  consequence  of  this 
their  substance  is  dull  in  appearance.  Muscovite  occurs  in  colorless 
scales  and  folia;  besides  this,  biotite  is  present  in  isolated  brown  folia. 
Magnetite  is  present  in  large,  sharply-defined  octahedra  0.12  milli- 
metres in  length  and  breadth."  —  Wichmann.  See  also  §  96  of  bis 
report 

No.  103  (2090).  — Feldspathic  mica  schist  (Wichmann>  Pro- 
visional name,  arenaceous  greenstone  schist.  No  direct  allies. 
Compare  Nos.  70,  120.  Grayish-green,  inclining  to  black,  very  fine, 
even  grained  schist.    Uneven  fracture.     Thin  weathering  coat  of 
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dirty  gray-brown.  Schistose  structure  is  imparted  by  mica,  which 
appears  on  the  splitting  planes.  The  rock  is  not  gneissic  in  appear- 
ance, but  seems  an  obscure  fine-grained  greenstone.  See  Wichmann, 
§116. 

Loc.  Bed  XIX?  One-half  mile  below  Islands  Kapids,  Menominee 
river,  Sec.  18,  T.  40,  R.  19,  Wis.  A  rare  variety  in  this  bed;  prob- 
ably altered  by  the  waters  of  the  Menominee  river,  which  sometimes 
cover  it.    Similar  rocks  are  occasionally  seen. 

No.  104(1102).  — Mi  a  schist  (Wichmann).  Compare  Nos.  56, 
133, 134.  Despribed  by  Julien  as  a  micaceous  feldspathic  slate.  No. 
204,  Vol.  II,  p.  106,  Mich.  Eep.  Blackish-gray,  minutely  sparkling, 
very  fine-grained,  homogeneous  schist;  containing  scales  of  black  to 
grayish-white  mica,  quartz,  and  apparently  feldspar.  Weathers  mot- 
tled brownish-gray.  This  obscure  rock  seems  to  be  a  transition  be- 
tween the  argillaceous,  micaceous,  and  chloritic  families,  varieties 
related  to  it  having  been  placed  in  each  class. 

"The  groundmass  consists  of  an  aggregation  of  small  grains  of 
quartz.  Biotite  in  form  of  brown  laminae,  which  are  strongly  dichro- 
itic.  Muscovite  colorless.  Magnetite  in  numerous  crystals.'* — ^Wich- 
man.    See  also  §  113  of  his  report. 

East  end  of  Washington  Mine.  Middle  Huronian,  exact  age  un- 
determined. This  rock  and  its  varieties,  while  it  does  not  character- 
ize any  particular  bed,  is  more  or  less  distributed,  especially  in  the 
western  part  of  the  Marquette  region.  A  closely  related  rock,  No. 
132,  occurs  in  the  Huron  Bay  slate  district. 

"  All  the  common  varieties  of  mica  schist  occur  in  North  Carolina, 
with  muscovite,  biotite,  and  hydrous  micas." — Julien. 

No.  105  (2207).— Mica  schist  witli  a^tinolite?  (Wichmann). 
Provisional  name,  actinolite  schist  Compare  Nos.  129  and  54,  also 
134,  107.  Dark  grayish-green,  fine  crystalline  texture,  glistening, 
presenting  a  broken  semi-fibrous  schistose  structure.  Uneven  fracture. 
Weathers  greenish -gray  and  stained  reddish-brown  on  seams.  Altered 
by  the  waters  of  the  Pine  E.,  which  sometimes  covers  it.  Seems 
more  nearly  related  to  actinolite  schists  than  to  micaceous. 

Loc.  Bed  XVII  or  XVIII.  1370  N.,  640  W.,  Sec.  22,  T.  89,  E. 
17,  Wis.,  associated  with  hornblendic  and  micaceous  quartz  schists 
(No.  140).  Somewhat  similar  rocks  are  occasionally  found  in  the 
Menominee  and  Marquette  regions,  associated  with  greenstones  and 
related  chloritic  rocks. 

No.  106  (2212).— Hornblendic  mica  schist  (Wichmann).  Pro- 
visional name,  porphyritic  hornblende  rock.  Compare  No.  127.  The 
base  is  blackish-gray,  has  an  aphanitic,  slightly  sparkling  texture,  and 
Vol.111.  — 37 
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is  porphyritic  with  nameroas  black  slender  crystals  of  hornblende. 
Uneven,  conchoidal  fracture,  massive  and  very  jointed.  Golden-brown 
mica  on  splitting  planes.    Weathers  to  a  light  greenish  drab. 

"  Calcareous  groundmass.  Biotite  the  chief  rock  constituent.  Horn- 
blende in  form  of  beautiful  bluish-green  prisms.  Quartz,  with  little 
fluid-enclosures.  Magnetite."  —  Wichmann.  See  also  §  114  of  his 
report. 

Loc.  Bed  XII?  1475  K,  900  W.,  Sec.  35,  T.  40,  R  17,  Wis,  A 
rare  variety  associated  with  greenstones  and  anthophyllite  schists,  and 
not  with  micaceous  rocks.  Its  lithological  affinities  seem  rather  with 
the  hornblendic  than  micaceous  family.  Diorites  very  similar  in 
appearance  except  as  to  color,  have  been  observed  in  the  Marquette 
region. 

"Such  rocks  as  2212,  2222,  2255,  2254, 1100, 1101,  327,  are  of  the 
same  character  as  the  altered  slates  collected  close  around  the  edge  of 
Land's  End  granite." — Allpert 

Hawes  describes  similar  rocks  from  Cornish,  N.  H.,  in  the  Geol.  of 
N.  H.,  Part  IV,  p.  231. 

No.  107  (1170).  — Micaceons  augite  schist  (Wichmann).  Pro- 
visional name,  micaceous  diorite  schist.  Compare  No.  61.  Irregn- 
lar  wavy  laminse  of  blackish  mica  in  large  scales,  and  bunchy,  thicker 
lamince  of  a  fine-grained,  dark  grayish-green,  somewhat  hard  rock,  re- 
lated to  the  greenstones.  The  micaceous  portion  has  considerable 
resemblance  to  the  mica  schist  Ko.  61,  but  its  affinities  on  the  whole 
are  with  the  so-called  chloritic  greenstones  and  the  related  micaceons 
looking  rocks  of  bed  XI.  This  rock  is  interesting  as  illustrating  the 
transition  of  greenstone  into  chloritic  and  micaceous  schists. 

Loc,  Bed  XI.  Champion  Mine.  A  more  chloritic-looking  variety  oc- 
curs south  of  Lake  Angeline  mine  in  the  same  bed.  A  dark-green  varictr 
from  Kepublic  Mt.  was  designated  mica  schist  by  Dr.  Hunt  In  bed 
XIII,  at  the  Little  Quinnesec  falls,  Menominee  river,  is  a  similar  rock 
associated  with  hornblendic  diorite. 

"  Augite  light  green,  often  showing  the  characteristic  cleavage,  but 
not  in  form  of  distinct  crystals.  Biotite  in  very  numerous  folia. 
Magnetite,  quartzose  groundmass."  —  Wichmann.  See  also  §  153, 
Chap.  V. 

From  A  microscopic  examination  of  another  thin  section  of  the  same 
rock,  Mr.  Ildwes  says:  "In  this  section,  the  mineral  in  its  opticd 
behavior  is  like  hornblende.  Dichroic,  weakly  polarizing.  I  can  find 
no  place  where  a  satisfactory  cleavage  can  be  found.  I  do  not  mean 
to  doubt  the  determination  that  may  have  been  made  on  more  or  bet- 
ter material.    I  only  suggest  that  I  should  doubt  it  from  this  section.*' 
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No.  108  (2220). —Provisional  name,  Gametiferous  chloro-mlca 

scUst  (Wright).  No  direct  allies.  Compare  with  Nos.  90,  128, 
from  same  bed.  Grayish -green  and  light-gray;  indistinct,  broken 
lamination;  fine-grained;  containing  in  places  numerous  crystals  of 
red  garnets,  larger  than  peas.  The  rock  is  decidedly  gneissic  in  ap- 
pearance and  contains  pyrites. 

Loc.  Bed  XIX.  1776  K,  500  W.,  Sec.  25,  T.  39,  E.  17,  Wis.,  on 
Pine  river.  A  somewhat  exceptional  variety  in  this  hornblendic  and 
micaceous  bed.  Garnets,  which  are  abundant  in  the  same  bed  in  the 
Marquette  region,  have  only  been  observed  at  this  point  in  the  Me- 
nominee region. 

No.  109  (2087).  —  Mica  schist  (Wichmann).  Provisional  name, 
magnetic  chloritic  schist.  No  direct  allies.  Compare  1 10,  134,  also 
with  16.  Greenish-black,  sprinkled  with  glistening  specks,  very  fine 
grained,  even  texture;  cleaves  readily  on  bedding  planes  into  thick 
slates,  the  surfaces  of  which  are  covered  with  a  shining,  bronze- 
colored,  micaceous  mineral.  Strongly  magnetic.  Some  varieties  have 
been  called  gneisses. 

Loc.  Believed  to  be  from  between  beds  II  and  V.  From  the  S. 
E.  corner  of  Sec.  6,  T.  41,  R  30,  Menominee  region,  where  it  occurs 
in  a  considerable  isolated  bed.  Similar  rocks  have  not  been  observed 
elsewhere  in  the  Huronian.  The  arenaceous  and  magnetic  character 
and  black  color  distinguish  it.  A  related  banded  rock  occurs  in  the 
Laurentian  south  of  L.  Gogebic.  See  Julien's  No.  213, Vol.  II,  p.  110, 
Mich.  Rep.,  a  rock  possessing  much  interest  on  account  of  the  rarity 
of  iron-ore  in  the  Laurentian. 

"Aggregations  of  irregular  small  grains  of  quartz  form  the 
groundniass,  in  which  the  brown  folia  of  biotite  have  been  imbedded 
in  great  numbers.  These  folia  have  all  formed  parallel  to  the  schist 
plane.  Magnetite  is  abundant  either  in  distinct  octahedra  or  in 
irregular  grains." — Wichmann.    See  also  §  113,  Chap.  V. 

No.  110  (2236).— Blackish-gray  mica  slate  (JuHen).  Pro- 
visional name,  micaceous  chloritic  slate.  Compare  Nos.  Ill  and  134 
(2075,  2227).  Compare  Julien's  No.  210,  Yol.  II,  p.  108,  Mich.  Rep. 
Dark  grayish-green,  very  fine  grained,  splits  into  thickish  slates  along 
bedding  planes,  which  have  a  shimmering  luster.  Has  been  called 
slaty  gneiss. 

Loc.  Bed  XVII.  Lower  fall.  Pine  R,  1200  N.,  1400  W.  Sec.  28, 
T.  39,  R.  18,  Wis.,  associated  with  banded  arenaceous  quartzose  schist. 

"  In  the  thin  section  the  predominating  mineral  is  biotite,  chiefly 
as  leather-brown  to  fawn-colorod  plates,  brownish-yellow  in  cross- 
section  and    strongly  dichroitic.    These  plates,  and    also    smaller 
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rounded  or  irregular  scales  and  slender  blades  and  needles,  are  in  gen- 
eral loosely  scattered  about  and  isolated,  but  are  also  concentrated  in 
certain  laminse.  An  apparently  chloritic  mineral  (perhaps  a  form  of 
biotite)  also  occurs  in  small  irregular  brownish-green  scal^,  nsnallj 
near  or  intimately  mixed  with  the  brown  scales  of  biotite,  and  oocn- 
pying  their  interstices;  it  is  more  or  less  dichroitic.  Quartz  la 
abundant,  and  even  predominates  in  some  laminae  in  clear  and  color- 
less irregular  grains,  brought  out  distinctly  in  polarized  light 
Minute  black  scales  of  hematite,  rarely  blood-red  by  transmitted  light, 
are  scattered  pretty  uniformly  through  the  micaceous  layers,  and  in 
dusty  groups  through  the  quartz.  They  are  often  hexagonal,  octag- 
onal, etc.,  in  cross-section,  and  present  polished  surfaces  in  reflected 
light." — Julien. 

No.  Ill  (2075).  —  Micaceous  clay  slate  orphyllite  O^ich- 
mann).  No  allies.  Compare  Nos.  56, 110,  81,  also  10,  114.  A  light 
slate-colored,  fine-grained,  hard,  eminently  fissile  slate,  without 
oblique  cleavage,  the  splitting  planes  of  which  are  often  wavy  and 
which  glisten  from  micaceous  laminse,  giving  it  an  entirely  different 
luster  from  the  ordinary  clay  slate. 

Loc.  Bed  XI.  At  the  Four-foot  Falls,  Menominee  R.  In  it  are 
occasional  thin  seams  of  gray  quartz,  containing  veins  of  glassy 
quartz.  A  related  rock,  less  fissile  (No.  $6),  occurs  locally  in  the  claj- 
slate  stratum  XV,  of  the  Marquette  region.  Certain  Lauren tian  (!) 
slates  which  occur  on  the  W.  branch  of  the  Ontonagon  R,  are  closely 
related,  but  were  regarded  by  Prof.  Pumpelly  as  chloritic  See 
Julien's  description  of  No.  219,  Vol.  II,  p.  113,  Mich.  Rep. 

"  This  class  of  slates  finds  a  large  development  along  the  western 
and  southwestern  border  of  North  Carolina.  They  generally  abound 
in  staurolite,  kyanite,  garnet  and  ottrelite.  (See  Geol.  of  N.  C,  Vol 
I,  pp.  131-139,  etc.,  and  Vol.  II.)"— Julien. 

No.  112  (2077).— Sericite  schist  (Wichmann).  Provisional 
name,  talcose  schist.  Compare  Nos.  74,  73,  53,  54.  Light  pea-green 
to  gray,  weathering  red;  unctions  feeling,  and  irregular,  warped, 
schistose  structure.  The  reddish-gray  splitting  planes  have  some- 
what of  a  satin  luster.  It  seems  intermediate  in  character  between 
the  talcose  schist  No.  74  and  the  mica  schist  No.  63. 

^^  In  a  quart^ose  groundmass,  small  yellowish  folia  and  scales  of 
sericite.  Kound  granules  of  quartz.  Tourmaline,  mostly  in  form  of 
broken  crystals.  Some  hydrated  oxide  of  iron." — ^Wichmann.  See 
also  §  118,  Chap.  V. 

From  a  test-pit  near  south  quarter  post  of  Sec.  25,  T.  40,  R  31, 
bed  VII,  or  the  upper  portion  of  the  iron-ore  bed  VI.     A  rare  rock. 
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closely  related  to  the  hydrous  magnesian  and  hydro-micaceous  schists 
which  occur  in  the  iron-ore  bed  XIII,  Marquette  region.  At  the  Big 
Qninnesec  Falls  is  a  similar  schist  in  bed  XV. 

*•  Is  like  some  that  I  have  described  as  argillitic  mica  schist." — 
Hawes. 

No.  113  (2253).  —  Clay  slate.  Compare  Nos.  20,  81, 10.  Between 
Nos.  20  and  81  in  character  and  color.  Bluish-black,  aphanitic  tex- 
ture, imperfect  slaty  structure,  producing  rough  surfaces.  Oblique 
cleavage.  Bedding  planes  are  marked  by  faint  oblique  bands  forming 
every  angle  with  the  cleavage  planes,  which  are  constant  in  strike 
and  dip. 

Loc.  Bed  IX  or  X.  South  of  L.  Hanbury,  1750  N.,  30  W.,  Sec. 
16,  T.  39,  R.  29,  Mich.  Alternating  in  thin  layers  with  the  arenaceous 
quartzite  No.  139.  This  bed  affords  the  only  clay  slates  with  oblique 
cleavage  observed  in  the  Menominee  region,  the  fissile  character  of 
the  others  in  beds  XI  and  XVI  being  apparently  due  to  lamination, 
as  they  conform  with  the  bedding.  Carbonaceous  matter  seems  con- 
fined to  this  latter  class.  Oblique  cleavage,  so  far  as  observed,  is 
always  present  in  clay  slates  alternating  with  beds  of  limestone  or 
quartzite,  and  usually  absent  when  the  slate  constitutes  the  whole  bed 
or  is  associated  with  other  rocks.  True  (oblique)  cleavage  planes  of 
clay  slates  in  the  Menominee  and  Marquette  regions,  generally,  if  not 
always,  dip  at  a  high  angle  in  a  southerly  direction,  the  prevailing 
strike  of  tie  rocks  being  E.-"W.  Cleavage  too  uneven  and  irregular 
to  afford  valuable  slates. 

"  Similar  slates  abound  in  certain  parts  of  central  North  Carolina, 
especially  in  the  great  belt  west  of  Ealeigh,  assigned  to  the  Huronian 
by  Prof.  Kerr.  (See  Geol.  of  N.  C,  Vol.  I,  pp.  131-132,  and  Vol. 
IL)"_jaUen. 

No.  114  (2179).  —  Argillaceous  slate.  Provisional  name,  chloro- 
argillaceons  slate.  Compare  Nos.  10,  81.  A  greenish  slate  color, 
faintly  shining  on  splitting  planes,  greenish-black  and  dull  on  cross- 
fracture.  Destitute  of  oblique  cleavage.  Splits  into  moderately  thin 
and  tolerably  even  slates  of  small  size  on  account  of  numerous  joints. 
Appears  to  be  somewhat  chloritic.  Several  varieties  as  to  shades  of 
color  and  perfection  of  cleavage,  occur. 

Loc.  Bed  XVI.  Extensively  developed,  probably  forming  bed  of 
river,  at  large  island  in  Brul6  R,  on  E.  line  of  Sec  15,  T.  40,  R  18, 
"Wis.,  where,  in  going  N.,  every  transition  through  chloritic  and 
related  greenstone  schists  to  nearly  massive  greenstone,  could  be 
found.  Similar  slates  are  exposed  in  the  same  bed  at  Twin  Falls.  In 
other  portions  of  this  bed,  this  slate  becomes  ferruginous  and  carbona- 


Digitized  by 


Google 


582  GEOLOGY  OF  THE  MENOMINEE  IRON  REGION. 

ceous  (No.  115),  and  contains  masses  of  hematite  ore  (No.  135). 
Farther  up  the  Brul6,  related  slates,  less  fissile,  apparently  more  chlo- 
ritic,  and  presenting  often  minute  corrugations  on  the  splitting 
planes,  which  are  sometimes  warped,  occur.  The  absence  of  all 
appearance  of  oblique  cleavage  distinguishes  these  argillaceous  rocks 
from  the  true  clay  slates  represented  by  No.  113  and  allies.  The 
nearest  related  rock  of  the  Marquette  region  is  that  of  bed  XV, 
extensively  developed  at  L.  Michigamrae. 

No.  116  (2153).  —  Carbonaceous  clay  slate.  Provisionally 
called  graphitic  schist.  Similar  to  No.  64,  differing  in  splitting  less 
evenly,  containing  apparently  more  carbon,  and  in  its  glistening 
graphitic  (?)  surfaces. 

Loc.  Keyes  and  Fisher's  Location,  675  N.,  1900  W.,  Sec  21,  T. 
40,  E.  18,  Wis.,  associated  with  clay  slate,  iron-ore  and  ferruginous 
quartz  schist,  in  bed  XT# 

No.  116  (1720).  —  Syenite  (Wichmann).  Provisional  name,  por. 
phyritic  diorite.  Compare  the  hornblendic  variety,  No.  77,  from 
same  series.  The  hornblende  grains  are  smaller,  and  the  proportion 
of  red  orthoclase  is  much  larger  than  in  No.  77.  It  contains  also 
irregular  veins  of  orthoclase. 

"  Greenish  hornblende  in  form  of  good  crystals,  often  showing  dis- 
tinctly its  characteristic  prismatic  cleavage  (angle  =  124*  30'),  di- 
chroitic.  Orthoclase,  also  a  little  plagioclase.  Titanite  in  form  of 
wedgelike  yellow  crystals.  Quartz,  biotite,  apatite." — Wichmann. 
See  also  §  61,  Chap.  V. 

Loc.  Marquette  Quarry.  Lower  Huronian,  probably  below  T. 
See  remarks  under  Nos.  77  and  75. 

No.  117  (2211).  — Syenite  gneiss  (Wichmann).  Hornblende- 
gneiss  (Wright).  Compare  Nos.  90  and  128.  Dark-gray  sprinkled 
with  light-gray,  fine-grained,  hard,  tough,  flaggy  schistose  structure, 
with  corrugated  splitting  planes  which  glisten. 

"  Greenish  hornblende  in  form  of  large  rods  or  crystals,  often  pene- 
trated by  needles  of  apatite,  biotite,  orthoclase  predominating  among 
the  feldspathic  constituents.  Plagioclase  recognizable  by  its  twin- 
lamellation;  quartz;  magnetite." — Wichmann.  See  also  §  103, 
Chap.  V. 

Loc.  Bed  XX.  500  N.,  1700  W.,  Sec  27,  T.  39,  R.  17,  Wis.,  on 
Poplar  river.  This  variety  of  gneiss  was  not  observed  elsewhere  in 
this  bed.  It  has  more  lithological  aflinity  with  XIX.  The  prevail- 
ing rock  in  bed  XX  is  granitic,  of  which  one  variety  is  No.  101. 
Somewhat  similar  rocks  are  found  in  the  greenstone  strata  sonth  of 
the  Washington  Mine. 
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"  A  rock  of  thiB  character,  rich  in  plagioclase,  and  always  of  slaty 
structure,  attains  an  enormous  development  in  N.  C.  (See  Geol. 
Report.")  —  Julien. 

No,  118  (192).— Quartz  diorite  (Wichmann).  Compare  with 
Nos.  71,  75;  also  with  No.  126.  Gray-green,  coarse-grained,  with 
tabular  crystals  of  hornblende,  massive,  tough,  weathering  brownish- 
gray.  Numerous  joints  stained  brown.  Graduates  into  fine-grained 
and  schistose  varieties,  which,  in  turn,  graduate  into  a  chloritic  schist. 
Differs  from  the  coarse-grained  hornblende  rock.  No.  126,  chiefly  in 
containing  pale,  greenish-gray  feldspar.  Foster  and  Whitney  give  the 
following  analysis  of  a  similar  rock  from  the  same  bed  (see  their 
report.  Part  II,  p.  93):  SiO'  46.31,  Al'O"  11.14,  FeO  21.69,  CaO  9.68, 
NaO  6.91,  HO  4.44,  Mg.  trace  =  100.77,  from  which  they  concluded 
the  rock  to  be  a  mixture  of  pyroxene  and  labradorite,  together  with 
water. 

Loc.  Bed  XI.  Near  center  of  Sec.  2,  T.  47,  R  27.  Associated 
with  schistose  varieties,  sometimes  chloritic.  It  constitutes  the 
greater  part  of  this  bed  in  the  Negaunee  district.  Similar  rocks  occur 
in  the  Menominee  region,  in  bed  XV. 

"  Compare  with  the  series  of  North  Carolina  diorites.  Geol.  of  N. 
C,  Yol.  I,  pp.  123-125,  and  full  descriptions  in  Yol.  II."— Julien. 

"  A  rather  altered  rock.  The  twin-lamellation  of  plagioclase  well 
observed.  Hornblende  partly  changed  into  a  greenish-fibrous,  often 
radiated  mineral,  called  viridite.  In  this  viridite  are  found  as  new 
production  beautiful  crystals  of  angite.  Titanic-iron  also  altered  and 
surrounded  by  a  grayish-white  mineral,  produced  by  its  change. 
Quartz  in  form  of  small  grains."  —  Wichmann.  See  also  §  91, 
Chap.  Y. 

"  The  thin  section  contains  much  epidote  (not  noticed  in  Wich- 
mann's  description).  The  rock  is  identical  with  the  ones  described 
on  p.  227  of  my  New  Hampshire  Report,  Part  lY.  It  especially 
resembles  the  one  from  Littleton.  Differs  only  in  containing  a  little 
quartz.  This  rock,  from  my  experience,  should  say  was  doubtless 
metamorphic."  —  Hawes. 

The  presence  of  epidote  in  quantity  was  fully  verified  by  Mr. 
Hawes  on  a  second  examination,  and  he  remarks  that  this  mineral  is 
quite  characteristic  of  the  metamorphic  diorites  of  New  Hampshire. 

No.  119  (2118).— CWorite  schist  (Wichmann).  Provisional 
name,  chloritic  diorite.  Compare  Nos.  70,  76,  91.  Dark  grayish- 
green,  fine  grained,  even  texture,  jointed  and  schistose,  slightly  shin- 
ing. Weathers  mottled  brownish-gray.  Is  apparently  identical  with 
rocks  often  called  dioritic  schists  and  chloritic  diorites. 
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Loc.  Bed  XVI.  Near  S.  qr.  post  of  Sec  10,  T.  38,  R.  20,  Wis., 
Little  Quinnesec  Falls,  Menominee  R,  associated  with  massive  green- 
stones and  related  schists.  Similar  rocks  in  appearance,  and  called 
chloritic  schists,  occur  in  beds  XVIII  and  XV,  Menominee  region, 
and  in  the  greenstone  strata  of  the  Negaunee  district. 

No.  120  (827). — Decomposed  diabase  (Wichmann).  Provisional 
name,  micaceous  greenstone  schist.  Compare  Nos.  121,  82  and  122. 
Described  by  Julien,  No.  336,  Vol.  II,  p.  173,  Mich.  Rep.  Dull 
grayish-green,  slightly  glistening,  apparently  somewhat  decomposed 
rock,  related  to  No.  121,  but  harder  and  more  schistose.  Minute 
scales  of  a  reddish-brown  micaceous  mineral  are  dispersed  tlirough  it 
Effervesces  in  acid.    Somewhat  serpentinoidal  in  appearance. 

"  In  consequence  of  the  alteration  of  the  rock,  the  plagioclase  is  dull 
and  seldom  recognizable  by  its  twin-lamellation.  Augite  has  been 
totally  changed  into  viridite.  In  the  viridite,  small  crystals  of  augite 
have  been  formed  as  result  of  new-production.  Quartz,  titanic-iron, 
apatite.  In  some  cavities  calcite." — Wichmann.  See  also  §  81, 
Chap.  V. 

South  of  Northwestern  Hotel,  Marquette,  associated  with  obscure 
greenstones  and  related  schists,  all  believed  to  be  older  than  bed  V, 
and  having  more  or  less  the  appearance  of  having  been  altered  as  if 
by  water,  which  character  is  lost  as  they  are  followed  westward  on 
higher  ground.  These  rocks  may  have  formerly  been  covered  by  the 
waters  of  Lake  Superior,  above  which  they  are  now  elevated  only 
a  few  yards.  This  hypothesis  would  not  however  apply  to  the  sim- 
il&r  rocks  (No.  122)  of  the  L'Anse  Range,  which  are  nearly  1000  feet 
higher. 

No,  121  (821).— Decomposed  diabase  (Wichmann).  Provisional 
name,  calcareous  greenstone  schist.  Compare  Nos.  122,  120,  99. 
Described  by  Julien  as  No.  331,  Vol.  II,  p.  170,  Mich.  Hep.  Olive- 
green  mottled  with  chocolate-brown,  compact,  fine-grained,  somewhat 
soft,  and  serpentinoidal  in  appearance.  Fracture  uneven,  following 
irregular  fissures,  which  renders  it  difficult  to  obtain  a  fresh  fracture. 
Effervesces  decidedly  in  acid.  Is  plainly  a  finer-grained  and  some- 
what less  altered  variety  than  No.  122.    See  Chap.  V,  §  80. 

Loc.  North  of  Northwestern  Hotel,  Marquette,  having  position 
and  associations  of  No.  120. 

"  Nos.  121, 120,  83, 122,  diabases,  are  too  much  altered  to  determine 
whether  they  had  any  resemblance  to  Keweenawan  (copper  series)  dia- 
bases or  not;  their  alteration  is  in  the  direction  of  quartz,  chlorite 
and  carbonates,  which  is  unusual  in  the  copper  series.** —  Pumpdly. 

"  Nos.  121, 120,  70, 122,  are  very  highly  altered,  and  are  in  every 
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way  analogous  to  our  Lower  Silurian  diabase  of  North  Wales,  wliicli 
I  take  to  be  simply  altered  dolerites  and  gabbros." — Allpert. 

No.  122  (889).  — Altered  quartz  diabase  (Wichmann).  Pro- 
visional names,  altered  greenstone  and  serpentine.  Compare  Nos. 
121,  99,  83.  Described  by  Julien  as  No.  345,  Vol.  II,  p.  177,  Mich. 
Hep.  Chocolate-brown,  irregularly  banded  with  green.  A  soft,  fine- 
grained, compact,  massive,  apparently  altered  rock,  made  up  largely 
of  reddish,  altered  hornblende,  and  soft,  greenish  and  grayish  feld- 
spar. The  rock  appears  to  be  intermediate  in  character  between  the 
unaltered  rock  No.  82,  and  the  disintegrated  variety,  No.  99,  but  it 
is  not  known  whether  it  came  from  exactly  the  same  locality.  See 
Chap.  Y,  §  77. 

Loc.  Lower  Huronian,  L*Anse  Iron  Eange.  Very  similar  rocks, 
if  not  this  specimen,  occur  in  a  dyke-like  mass,  apparently  crossing 
at  a  very  acute  angle  with  the  bedding  planes,  strata  of  ferruginous, 
quartzose  and  argillaceous  rocks.  Eelated  rocks  occur  in  the  Lower 
Huronian  at  Marquette,  and  also  in  the  Black  R.  series,  but  have  not 
been  seen  on  the  Menominee  B. 

No.  123  (2167).— Hornblende  rock  (Wright  and  Wichmann). 
Eesembles  Nos.  18,  22  and  30.  Compare  the  diorite  No.  75,  and 
also  127.  Greenish-black,  finegrained,  tough,  massive  rock,  com- 
posed chiefly  of  hornblende,  with  little  feldspar.  This  rock  is  not  so 
black,  and  weathers  less  like  the  diorites  than  those  of  the  Marquette 
region.    Chap.  V,  §  126. 

Loc.  On  the  Brul6  river,  1040  N.j  470  W.,  Sec.  9,  T.  40,  E.  18, 
Wis.,  in  bed  XVIII,  associated  with  clay  and  chloro-argillaceous 
slates. 

"  The  white  portion  of  the  section  I  have  is  largely  triclinic  feld- 
spar. It  resembles  the  rocks  described  on  p.  229,  Geol.  of  N.  H., 
Part  IV,  as  quartz-diorite.  It  contains  epidote  also,  in  addition,  and 
not  very  much  quartz.    It  is  a  metamorphic  quartz-diorite."  —  Hawes. 

After  a  second  examination  of  this  rock,  Mr.  Hawes  says:  "In 
regard  to  section  No.  123,  which  I  have  again  examined,  allow  me 
first  to  call  your  attention  to  the  opening  remarks  under  the  head  of 
amphibolite,  on  page  230  of  the  Geol.  of  N.  H.,  Part  IV.  Ton  will 
then  see  that  the  difference  between  the  determination  of  Dr.  Wich- 
mann and  myself  is  not  so  great,  except  that  in  the  printed  list  that 
accompanies  these  sections,  no  mention  of  triclinic  feldspar  is  made 
in  the  diagnosis  of  the  section,  and  it  is  certainly  present  in  consid- 
erable quantity  in  the  section  that  I  have.  As  Dr.  Wichmann  did 
not  observe  it  in  his  sections,  and  as  the  rock  is  just  one  of  those 
referred  to  in  my  report  as  being  on  the  dividing  line,  I  should  refer 
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it  to  the  araphibolites.  I  regard  the  existence  of  just  each  rocks  as 
this  as  quite  conclasive  proof  of  the  possibility  of  qnartz-free  diorites 
among  the  metamorphic  rocks;  for  among  variable  sedimentary 
deposits,  if  some  undoubtedly  schistose  or  interstratified  rocks  are 
near  diorite  in  composition,  it  is  not  strange  that  sediments  of  just 
the  composition  of  basic  diorites  should  occur  near  by.  Then  why 
need  this  very  simple  explanation  be  passed  over,  and  the  eruption  or 
the  tuffaceous  product  of  associated  eruptive  masses,  which  is  always 
referred  to  for  the  explanation  of  the  green  dioritic  rocks,  be  always 
relied  upon." 

No,  124(2201).— Hornblende  schist  (Wright,  Wichmann).  Com- 
pare  Nos.  123  and  127.  Banded,  dark  greenish-gray,  fine-grained, 
with  numerous  laminae  or  seams  of  calcite,  which,  by  their  destruc- 
tion on  the  weathered  surface,  produce  corrugations.  Contains,  also, 
minute  irregular  veinlets  of  calcite.    Sp.  Gr.  2.93. 

''Has  a  quartzose  groundmass.  Contains  hornblende,  numerous 
granules  of  garnet,  titanite  and  magnetite." — Wichmann. 

Ij)c.  Bed  XYII  or  XVIIL  Near  N.  qr.  post.  Sec.  22,  T.  39,  R 
17,  Wis.  Overlaid  by  quartzose  rocks.  Hornblende  schist  strongly 
banded  with  calcite,  has  not  been  observed  elsewhere.  Similar  rocks 
are  described  by  Hawes,  Geol.  of  N.  H.,  Part  IV,  p.  231. 

No.  126  (2124).  — Hornblende  schist  (Wright  and  Wichmann). 
Compare  No.  128  from  same  bed,  also  Nos.  31  and  134.  Dark 
grayish-green,  cr^'stallinCj  very  fine-grained,  splitting  evenly  into  thin 
flags.  Another  variety  contained  laminae  of  mica,  and  another,  seams 
of  quartz  and  apparently  a  little  chlorite,  having  a  gneissic  appear- 
ance.   Chap.  V,  §  130.  * 

Loc.  Bed  XIX.  Near  W.  quarter-post  of  Sec.  15,  T.  38,  R.  20, 
Wis.  This  bed  contains  granite  dykes  in  this  vicinity  and  is  over- 
laid by  the  granite  of  bed  XX.  This  stratum,  which  is  decidedly 
hornblendic  in  the  southern  part  of  the  Menominee  region,  is  highly 
micaceous  in  the  northern  part. 

Hawes  describes  similar  rocks  in  Geol.  of  N.  H.,  Part  I Y,  p.  231. 

No.l  26  (2200).  —  Hornblende  rock  (Wright).  Much  finer-grained 
are  Nos.  123, 18  and  their  allies.  Blackish-green,  very  coarse-grained, 
massive  and  jointed,  presenting  numerous  large  tabular  crystalh'ne 
facets  on  fresh  fracture. 

"  The  groundmass  consists  of  an  aggr^ation  of  quartz-granules. 
Hornblende,  a  little  feldspar,  biotite  and  magnetite  are  present"  — 
Wichmann. 

Loc.  Bed  XVII  or  XVIII.  1900  paces  N.  and  1000  W.  from  S. 
E.  comer  Sec.  22,  T.  39,  R  17,  Wis.    Its  lithdogical  affinities  are 
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with  XVII,  but  it  is  much  coarser  grained  than  the  prevailing  varie- 
ties. Finer-grained  and  more  schistose  varieties  overlie  this.  These 
very  coarse-grained  homblendic  rocks  have  not  been  observed  in  the 
Marquette  region,  and  thej  have  nowhere  been  seen  constituting 
heavy  beds. 

Mr.  Hawes  says  this  "  hornblende  rock  contains  scarcely  any  tri- 
clinic  feldspar.  The  presence  in  the  set  of  all  shades  between  horn- 
blende schist  and  real  diorite,  by  the  introduction  of  plagioclase  and 
elimination  of  quartz,  indicates  that  you  have  the  same  series  of  rocks 
as  have  been  studied  in  the  Pyrenees  (see  p.  230,  Geology  of  N.  H.), 
and  also  in  New  Hampshire  and  elsewhere.  It  may  be  interesting  to 
read  my  chapter  in  N.  H.  Reports,  on  the  greenstones  in  connection 
with  these  rocks.*' 

No.  127  (2182).  — Micaceous  hornblende  schist  (Wichmann). 
Provisional  name,  diorite.  Compare  the  homblendic  (porphyritic) 
mica  schist.  No.  106;  also  Nos.  123  and  126.  Dull  greenish  black, 
massive,  uneven  fracture,  appears  like  an  altered  diorite.  The  fresh 
surface  shows  bright  elongated  crystalline  facets.  Weathers  brown. 
Sp.  Gr.  2.80. 

"  Quartzose  gronndmass.  Hornblende  in  form  of  small  needles. 
Biotite  in  numerous  folia.  Some  orthoclase.  Titanite." — Wich- 
mann.   See  also  §  136,  Chap.  V. 

Loc.  From  bed  XVII.  750  N.,  1375  W.,  Sec.  17,  T.  41,  E.  31, 
on  Brule  river.    A  rare  variety  in  this  homblendic  stratum. 

Hawes  says:  ^^  The  section  I  have  has  much  plagioclase  and  little 
quartz;  it  is  almost  a  dioritic  schist." 

No.  128  (2245).  —  Hlcaeeons  hornblende  schist  (Wichmann). 
Resembles  No.  125  from  same  bed.  Compare  No.  117.  Blackish- 
green,  fine-grained,  holding  laminae  of  dark-brown  mica,  splitting  into 
thin,  uneven  flags,  and  faintly  striped  on  weathered  surface.  Splitting 
planes  sparkle  from  leaves  of  mica.  A  slaty  gneissic  variety  contains 
laminae  of  brownish-green  and  yellow  mica,  over  the  surface  of  which 
are  scattered  in  somewhat  fan-shaped  forms,  slender  crystals  of  black- 
brown  hornblende,  which  are  sometimes  collected  in  bushy  bunches. 

Loc.  Bed  XIX.  High  ledge,  1500  N.,  0  W.,  Sec.  12,  T.  39,  R 
16,  Wis. 

This  rock  unites  in  itself  the  homblendic  and  micaceous  character 
of  this  stratum,  which  is  almost  entirely  made  up  of  hornblende 
schists,  mica  schists,  and  closely  related  rocks. 

No.  129  (2238).  —  Actinolite  schist  (Wichmann,  Wright).  Com- 
pare Nos.  105,  54.  Silvery  greenish-gray,  very  coarse,  fibrously  radi- 
ated, crystalline  texture.    The  fan-shaped  bunches  of  actinolite  are 
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often  an  inch  or  more  in  length.  Very  soft,  liardening  on  exposure 
to  the  air.    Keddish  ochre  in  seams  and  cavities. 

"  Contains  large  prisms  of  actinolite,  colorless  and  highly  fissured. 
Between  them  is  a  chloritic  substance."  —  Wichmann.  See  also 
§  120,  Chap.  V. 

Loc.^  Bed  XVI.  1200  paces  N.  and  1000  W.  of  S.  E.  corner.  Sec 
28,  T.  39,  K.  18,  Wis.,  below  Lower  Fall,  Pine  R  Overlaid  by  clay 
slate.  A  finer-grained,  firmer  variety  occurs  2  miles  W.  of  Loon  lake, 
near  N.  quarter-post  of  Sec  34,  T.  40,  R.  17,  supposed  to  belong  to 
XVIIL  See  remarks  under  the  micaceous  variety  No.  105.  "Well 
characterized  rocks  of  this  kind  are  only  found  in  the  Menominee 
region  and  west  of  the  river.  Certain  obscure  fine-grained  hom- 
blendic  greenstones  of  bed  XI,  Marquette  region,  have  received  this 
name. 

"  Like  the  actinolite  schists  from  Pittsburg,  N.  H.,  lacking  the 
pretty  rutile  crystals.  See  Geol.  of  N.  H.,  Part  IV,  p.  232."  — 
Kawes. 

No.  130  (2186). — Provisionally  named  Magnetic  anthophyllite 
seMst  (Brush),  and  magnetic  anthophyllite-actinolite  schist  (Wright). 
Compare  Nos.  27,  58.  See  references  under  If os.  27  and  68.  A  fresh 
fracture  presents  irregular  bands  of  different  shades  of  silvery  and 
greenish-gray,  sparkling  with  minute  elongated  facets  of  the  amphi- 
bolic mineral.  Schistose  and  strongly  magnetic  Brush  says:  "  It 
appears  to  be  a  mixture  of  some  blackish  hornblendic  mineral  with  a 
mineral  resembling  anthophyllite."  This  mineral  exists  in  minute 
fibres  and  blades,  generally  radial  and  often  in  beautiful  star  forms. 
The  splitting  planes  have  a  brown  weather-surface,  which  often  ex- 
tends one-fourth  of  an  inch  into  the  rock.  It  often  contains  laminffi 
of  arenaceous  quartz.  Sp.  Gr.  4.00.  A  highly  ferruginous  specimen, 
banded  with  laminsB  of  white  quartz  sandstone,  gave  E.  T.  Sweet 
with  Prof.  Daniells,  Madison,  Wis.:  Fe'0»  44.06,  FeO»  19.62,  SiO* 
18.98,  AP(y  7.82,  CaO  2.54,  MgO  1.66,  Mn'0»  .20,  P0M2,  S  .21,  HO 
4.32  =  99.53. 

Log.  Bed  XV.  400  paces  N.,  500  W.,  from  the  S.  E.  corner  Sec 
25,  T.  40,  R.  17,  Wis.  It  occurs  close  by  in  the  same,  associated 
with  much  iron,  both  magnetite  and  hematite. 

In  the  Marquette  region  a  related  manganiferous  variety,  less 
quartzose,  forms  bed  XVII.  See  Nos.  58,  69.  It  is  not  improbable 
that  workable  beds  of  ore  may  be  found  with  this  rock.  See  remarks 
under  No.  53. 

No.  131  (221).— Magnetic  actinolite  schist  (Wichmann).  No 
allies.     Compare  Nos.  27  and  28  from  same  bed,  also  Nos.  58  and 
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148.  A  dark-gray,  faintly  banded,  fine-grained,  magnetic  schist. 
Uneven  semi-conchoidal  fracture.  Does  not  split  along  striping. 
Weathers  brown.  Contains  a  large  percentage  of  some  other  mineral 
besides  magnetite,  which  does  not  give  fire  with  steel  and  is  appar- 
ently amphibolic.  Nos.  15, 19  and  23  are  related  in  the  amount  of 
iron  they  contain,  but  differ  in  being  highly  siliceous  and  giving  fire 
with  steel.    Chap.  V,  §  121. 

Loc.  Bed  X.  S.  W.  qr.  of  K  E.  qr.,  Sec.  13,  T.  47,  R.  27,  where 
it  is  associated  with  other  ferruginous  rocks  and  greenstones.  This 
variety  has  not  been  observed  elsewhere.  Nos.  27  and  28  from  same 
bed,  although  differing  widely  in  their  physical  characters,  are  believed 
to  be  related  to  this  rock,  especially  the  former.  Dr.  Wichmann  also 
finds  an  amphibolic  mineral  in  the  magnetic  ore  of  Penokee  Gap, 
Wis.,  which  however  gives  fire  strongly  with  steel,  and  is  black  and 
more  compact  than  this  rock.  A  variety  intermediate  between  this 
specimen  and  No.  28  has  been  observed. 

No.  1 32  (982).  —  Feldspathic  chlorite  schist  (Wichmann).  Pro- 
visional name,  argillaceous  schist.  Compare  Nos.  134,  55, 104.  De- 
scribed by  Julien  as  gray,  feldspathic  argillite,  No.  200,  Vol.  II,  p. 
104,  Mich.  Rep.  Cast-iron  gray,  slightly  glistening,  compact,  fine- 
grained, slaty  schist,  with  an  uneven  fracture.  Weathers  blackish- 
gray.  A  rock  similar  in  appearance.  No.  104,  has  been  called  mica 
schist.  See  remarks  under  No.  104.  This  rock  appears  to  be  a  tran- 
sition variety  between  micaceous,  argillaceous  and  chloritic  rocks. 
Chap.  V,  §  158. 

Loc.  Huron  Bay  slate  region.  Probably  Lower  Huronian.  Not 
a  common  variety. 

No.  133  (2091).—  Micaceous  chlorite  schist  (Wichmann).  Com- 
pareNos.  132, 134,  70.  Dark  greenish-gray,  fine-grained,  somewhat 
jointed,  irregular  schistose  structure.  The  fresh  surface  of  this  rock 
has  a  peculiar  delicately  shining  luster.  Golden-mica  scales  in  joints. 
Chap.  V,  §  160. 

Loc.  At  the  "  Point,"  N.  E.  corner  of  Sec.  18,  T.  40,  E.  18,  Wis., 
on  the  Menominee  E.,  in  bed  XVIII.  Associated  with  this  is  a 
variety  of  the  same  rock  containing  numerous  irregular  seams  of 
calcite.  On  the  north  side  of  the  river  are  massive  to  schistose, 
greenish-gray,  quartz©se  rocks,  belonging  to  the  same  bed.  The  chlo- 
ritic quartzose  series  constituting  this  stratum  are  best  exposed  at  the 
Islands  Eapids,  one  mile  above. 

No.  134  (2227).  — Actinolltie  chlorite  schist  (Wichmann).  Chlo- 
rite schist  (Wright).  Eelated  to  No.  55.  Compare  Nos.  132, 109  and 
128.    Dark-grayish-green,  very  fine-grained,  even  texture,  slightly 
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glistening.  Splitting  planes  unevenly  corrngated.  Tliin  greenisli- 
graj  weather-coating.  Next  to  No.  89,  the  best  characterized  chlo- 
ritic  rock.  It  is  more  nearly  related  in  character  to  the  so-called 
chloro-argillaceous  slates  (without  oblique  cleavage)  of  beds  XYI  and 
XVIII  of  Lower  Brulfe.    See  No.  114. 

Loc.  Bed  XIX.  Upper  Falls,  Pine  R,  Sec  30,  T.  39,  R  18,  Wis., 
associated  with  hornblende  schist  and  underlaid  by  quartzose  schist, 
believed  to  belong  to  XVIII.  A  rare  variety,  particularly  in  this 
bed,  which  is  usually  micaceous  and  hornblendic 

^'  Quartzose  grouudmass.  Greenish  chlorite,  therein  small  prisms 
of  colorless  actinolite.  Some  grains  of  magnetite." — Wichmann. 
See  also  §  133,  Chap.  V. 

No.  135(2154).— Eed  hematite.  Compare  Nos.  24»  35.  Pur- 
plish-brown, without  luster,  aphanitic  texture,  with  a  few  irregular, 
broken,  quartzose  laminae.  Breaks  irregularly.  This  ore  apparently 
forms  a  lithological  connecting  link  between  the  soft  earthy  hematites 
and  limonitic  ores  of  the  Marquette  region,  like  Nos.  24,  35,  and  the 
rich  hard  specular  varieties,  like  No.  45.  Sp.  Gr.  3.60  to  4.32.  An 
average  sample  gave  E.T.  Sweet:  Fe'^O  75.47,  FeO^  trace,  SiO»  14.28, 
Al'O^  4.31,  Mn^O»  .23,  CaO  .88,  MgO  .43,  PO  .08,  S  .09,  HO  3.94= 
99.71. 

Loc.  Bed  XV.  Keyes'  and  Fisher's  location,  725  paces  N.  and 
10  W.  of  S.  E.  corner  Sec.  20,  T.  40,  R  18,  Wis.,  associated  with 
banded  ferruginous  quartzose  schist  and  clay  slate,  often  carbona- 
ceous, which  are  the  prevailing  rocks  in  this  bed. 

A  similar  association  of  rocks,  believed  to  be  the  same  horizon,  has 
been  traced  along  the  Brul6  and  the  line  dividing  ranges  32  and  33, 
T.  42,  to  the  falls  of  the  Paint  R  in  Michigan,  and  ore  similar  to  this 
is  found  at  several  points. 

No.  136  (2284).  —  Soft  purple  hematite  slate.  Eesembles  No. 
67.  Compare  with  Nos.  44,  49.  Has  some  points  of  resemblance 
with  Julien's  magnetite  schist.  No.  229,  Vol.  II,  p.  118,  Mich.  Eep. 
Differs  from  No.  67  only  in  possessing  a  higher  luster,  approaching 
some  of  the  dull  varieties  of  specular  ore,  due  to  its  greater  richness 
in  iron.  It  is  of  a  bluish  slate  or  pigeon- color.  Under  the  lens  the 
ore  seems  to  be  entirely  composed  of  exceedingly  minute  grains  of 
specular  hematite,  only  slightly  compacted  into  a  slaty,  friable,  iron 
(somewhat  porous)  sandstone.  Hence,  while  in  physical  character  it 
is  essentially  different  from  the  specular  ores  of  the  Marquette  region, 
it  is  chemically  nearly  identical.  If  we  suppose  the  silica  to  be  dis- 
solved  out  of  such  associated  flag-ores  as  No.  68  by  alkaline  waters, 
this  ore  would  result;  and  if  the  process  were  continued  to  the 
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hydration  of  the  iron-oxide,  we  may  suppose  the  associated  earthy  limo- 
nitic  ores  similar  to  Nos.  25  and  34  to  be  produced.  Sp.  Gr.  4.90.  An 
average  sample  gave  E.  T.  Sweet:  Fe^O^  90.20,  FeO^  .76,  SiO^  4.24, 
AW  3.81,  Mn^CH  trace,  CaO  .36,  MgO  .09,  PCll,  S  .03,  HO  .57, 
=100.17. 

Loc.  Bed  YI.  Quinnesec  Mine,  Sec.  34,  T.  40,  E.  30;  associated 
with  hematitic  quartzose  flags  and  ferruginous  argillaceous  schist. 
An  identical  ore,  except  in  being  disintegrated  to  a  specular  sand  in 
some  instances,  occurs  at  the  quarter  post  between  Sees.  9  and  10,  T. 
39,  E.  29,  imbedded  in  hematitic  quartz-flags,  No.  68.  A  harder 
variety  occurs,  apparently  in  small  quantities,  at  the  Breen.  Exten- 
sive explorations  have  proved  the  existence  at  this  point,  as  well  as 
on  Sec.  10,  T.  39,  R  29,  of  workable  deposits  of  this  excellent  ore, 
which  are  only  awaiting  railroad  facilities  to  be  introduced  into  the 
market. 

No.  137  (2083).— White  quartzlte.  Compare  Nos.  21  and  50. 
Julien  describes  varieties  under  Nos.  126  to  135,  Yol.  II,  pp.  68  to  72, 
Mich.  Eep.  Grayish  white,  arenaceous,  semi-saccharoidal  texture,  dull 
vitreous  luster,  massive  to  semi-schistose  structure,  often  jointed,  re- 
sembling a  highly  indurated  sandstone.  The  bedding  is  often  very 
obscure,  being  sometimes  marked  by  a  faint  indistinct  striping. 
Green  actinolite,  brown  mica  and  specular  iron  occur  as  accidental 
minerals,  but  are  not  common.    Sp.  Gr.  2.68. 

Loc.  It  constitutes  bed  II,  at  the  S.  qr.  post  of  Sec.  17,  T.  41,  R.  30, 
where  there  is  an  exposed  thickness  of  500  feet.  A  nearly  identical 
rock  occurs  in  beds  V,  YIII  and  XIV,  Marquette  region,  and  is 
generally  distributed,  being  found  in  the  Huron  Bay  district,  west  of 
L.  Gogebic,  and  on  the  Penokee  Eange.  Quartzites,  especially  red, 
are  apparently  more  abundant  in  the  Huronian  of  Canada,  than  in 
Michigan.  This  rock  is  frequently  plainly  ripple-marked  on  bedding 
planes.  The  false  stratification  of  the  original  sandstone  can  often  be 
seen.  See  fig.  2,  p.  109,  Vol.  I,  Mich.  Eep.  The  Felch  Mt. 
specular  ore  deposit,  somewhat  like  No.  37,  is  believed  to  be  a  highly 
ferruginous  part  of  this  qoartzite  bed  II. 

"  Similar  quartzites  abound  in  the  Huronian  belts  which  Kerr  has 
distinguished  in  North  Carolina.  (Geol.  of  N.  C,  Vol.  II,  pp.  131- 
139,  and  Vol.  11.)"— Julien. 

No.  138  (2093).  — Chlorltic  qaartzlte  (Wright).  Compare  Nos. 
50,  139.  Dark-green,  sprinkled  with  light-gray,  medium-grained, 
arenaceous,  even  texture,  strongly  jointed,  uneven  fracture,  weathers 
brown.  Made  up  of  different  sized  crystalline  grains  of  white,  glassy 
and  smoky  quartz,  in  a  greenish- gray  matrix,  which  seems  to  be  chlo- 
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ritic  and  micaceons.    A  fine-grained,  exceedingly  tongh,  variety  oocnrs 
at  the  mouth  of  the  Miehigamme  river. 

Loc.  Bed  XVIII.  Center  of  Sec.  23,  T.  41,  R  31,  associated  with 
chloritic  schist,  which  rocks  graduate  into  each  other  and  constitute 
the  bulk  of  this  bed.  A  similar,  but  more  arenaceous  rock,  is  found 
in  bed  V,  Masquette  region,  near  the  Cascade  Mines. 

No.  139(1621).— Dark-gray  arenaeeons  qnartzite  (Dr.  Wich- 
mann  calls  it  a  sandstone).  No  allies.  Compare  with  Nos.  52  and 
138.  Dark-gray,  sometimes  mottled  brown,  arenaceous  quartzite,  or 
compacted  sandstone,  with  numerous  minute  veins  and  bunches  of 
white  quartz,  and  a  deep  weather-coating  up  to  one  inch,  of  brown, 
friable  sandstone.  The  quartz  veins  are  perpendicular  to  the  bedding 
planes,  and  present  distinct  white  reticulations  on  the  brown  weath- 
ered surface.  The  dark  color,  tendency  toward  decomposition,  quartz 
veins,  and  its  evident  fragmentary  character,  distinguish  this 
quartzite. 

"  Irregularly  shaped  or  round  granules  of  quartz.  In  the  greater 
part,  calcite  fills  up  the  intervals.  Numerous  black  particles  belong 
to  coal."  —  Wichmann.     See  also  §  136,  Chap.  V. 

See  description  of  white  sandstone  laminse  under  No.  52.  This 
particular  variety  of  quartzite  has  not  been  observed  elsewhere. 

Loc.  Bed  IX?  South  of  Lake  Hanbury,  Menominee  r^on, 
associated  with  clay  slates  having  oblique  cleavage. 

No.  140  (2205). — Micaceons  qaartz  sclilst.  Kesembles  No.  50. 
Compare  No.  51.  Medium  to  dark-gray,  specked  with  light-gray, 
fine-grained,  glittering  on  splitting  planes,  and  to  a  less  extent  on 
cross  fracture  with  scales  of  mica,  containing  also  small  bunches  of 
brown  mica.  Unevenly  schistose,  the  planes  sometimes  presenting 
fine  indistinct  corrugations,  such  as  are  often  seen  in  mica  schists, 
but  rarely  in  quartzites.  Weathers  whitish,  to  a  depth  of  less  than 
one  eighth  inch.  In  other  varieties  the  material  is  in  part  ciypto- 
crystalline  and  almost  cherty. 

"  The  grains  of  quartz  are  intermingled  with  brown  strongly  dichro- 
itic  folia  of  biotite  and  such  belonging  to  the  muscovite,  which  are 
colorless.  All  the  mica  is  placed  parallel  to  the  schist-plane." 
Wichmann.     See  also  §  45,  Chap.  V. 

Loc.  Bed  XVIIL  1500  paces  N.  and  850  W.  of  S.  R  comer, 
Sec,  22,  T.  39,  R  17,  Wis.,  near  junction  of  Pine  and  Poplar  rivers, 
where  these  rocks  prevail,  constituting  the  greater  part  of  this  bed. 
In  the  same  bed  on  the  Upper  Menominee  and  tributary  streams, 
occur  dark  greenish-gray  granular  varieties,  associated  with  chloritic 
schists  (No.  13S).     Identical  rocks,  graduating  into  micaceous-iron 
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conglomerate  schists,  occur  in  bed  XIV.  Menominee,  and  somewhat  re- 
lated conglomeritic  micaceous  rocks  (Nos.  50,  51),  occur  in  the  same 
bed,  Marquette  region.  Conglomerates,  however,  do  not  occur  in  bed 
XVIII,  Menominee  region.  Identical  rocks  have  not  been  observed 
elsewhere. 

No.  141  (1744).  —  Siliceous  limestone  (Wichmann).  Compare 
Nos.  9, 142,  also  the  quartzite  No.  8.  See  references  under  No.  9; 
also  Chap.  V,  §  36.  Grayish-white,  mottled  and  sprinkled  with  red, 
composed  of  grains  of  glassy  quartz  in  a  crystalline  matrix  of  lime- 
stone, probably  dolomitic.  Schistose,  and  containing  numerous  joints 
stained  brownish-yellow.  The  quartz  grains  project  from  the  dirty 
yellowish-green  weathered  surface,  appearing  like  angular  grains  of 
sand,  having  a  general  parallelism  in  their  longer  axes. 

"  Irregular  shaped  grains  of  quartz  containing  little  fluid-enclosures. 
Some  grains  of  feldspar,  which  mostly  are  triclinic  The  intervals 
filled  up  with  calcite,  which  shows  very  distinctly  the  characteristic 
twin-lamellation.''  —  Wichmann.    See  also  §  36,  Chap.  V. 

In  some  particulars  the  rock  has  considerable  resemblance  to  the 
quartzite  No.  8,  which  is  believed  to  be  from  the  same  bed  (Republic 
Mt.),  but  eighteen  miles  distant  N.  N.  E. 

Loc.  South  line  of  Sec.  33,  T.  44,  R  31,  W.  of  quarter  post,  as- 
sociated with  ferruginous,  quartzose,  and  chloritic  rocks,  and  in  places 
ribbed  like  No.  66.  Pumpelly  observed  in  a  neighboring  outcrop  of 
marble,  a  bed  of  "fissile  chloritic  slate"  several  feet  thick;  and  an- 
other outcrop  showed  a  variable  amount  of  finely  disseminated  quartz, 
and  of  quartz  in  seams  or  threads.  These  facts  all  point  towards  the 
equivalency  of  this  quartzose  marble  bed  with  the  marble-bearing 
quartzite  of  the  Marquette  region,  and  still  more  strongly  towards  its 
equivalency  with  the  same  bed  in  the  Menominee  region. 

No.  142  (2086).  —  Saceharoidal  dolomite-marble.  Provisional 
name,  tremolitic  white  marble.  No  allies.  Like  Julien's  No.  103, 
Vol.  II,  p.  66,  Mich.  Eep.  Grayish-white;  granular;  crystalline  text- 
ure; massive;  uneven, couchoidal  fracture;  ragged  blackish  weathered 
surface,  due  to  the  projecting  crystals  of  tremolite,  which  is  irregularly 
dispersed  in  the  direction  of  bedding  in  bladed  crystals  one-eighth  to 
over  one  inch  long,  and  which  appear,  where  weathered,  somewhat 
like  fragments  of  clay  slate. 

Loc.  Bed  X?  800  paces  N.  and  600  W.  of  S.  E.  corner  Sec.  34, 
T.  42,  E.  30.  This  bed,  which  has  only  been  observed  in  the  north- 
east part  of  the  Menominee  region,  is  characterized  by  the  presence 
of  tremolite;  otherwise  much  like  V,  as  developed  in  the  vicinity. 
Vol.111.  — 39 
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Wright  finds  a  similar  rock  in  a  corresponding  position  in  the  Penokee 
series.    See  Chap.  V,  §  35;  also,  remarks  under  No.  66. 

"A  similar  dolomite  from  North  Carolina  has  been  referred  to  by 
Kerr  (Geol.  of  N.  C,  pp.  133-138)  and  Bradley  (op.  cit.).  See  also 
Geol.'of  N.  C,  Vol.  II."— Julien. 

No.  143  (1626).— Dolomite  (Wichmann).  A  variety  of  No.  66. 
Bluish-gray  to  grayish-blue,  semi-schistose  to  massive,  numerous 
joints.  Weather  coating  is  dirty  cream  color,  sandy,  and  shows  ribs 
like  No.  66.  In  another  sandy  variety,  the  siliceous  lamirne  were  not 
thicker  than  paper,  even,  and  presented  a  beautiful  fine  purple  par- 
allel striping  on  fresh  surface. 

"  Aggregations  of  irregular  granules  of  dolomite.  Calcite  recog- 
nizable by  its  twin  lamellation.  Quartz  in  form  of  small  grains  or 
veins  with  many  fluid-enclosures,  also  often  containing  crystals  of 
dolomite." —  Wichmann.    See  also  §  40,  Chap.  V. 

Loc.  Bed  Y.  N.  W.  qr.  of  S.  W.  qr..  Sec.  11,  T.  39,  R.  29,  on 
Pine  creek,  Mich.    See  remarks  under  66,  9,  and  141. 

No.  144  (21). — Mieaeeoas  limestone  (Wichmann).  No  allies. 
Compare  Nos.  143,  66.  Gray,  fine-grained  rock,  glistening  with 
facets  of  calcite.  The  eminently  schistose  structure  seems  to  be  im- 
parted by  scales  of  mica.  It  efiervesces  with  acids  much  more  readily 
than  the  dolomites,  to  which  it  does  not  seem  related  either  in  appear- 
ance or  stratigraphy.  Thin  yellowish  weather-coating,  which  does 
not  penetrate  the  rock.    See  Chap.  V,  §  37. 

Loc.  S.  W.  qr.  of  N.  E.  qr..  Sec.  13,  T.  47,  R  28,  near  M.  H.  and 
O.  R.  R.  Age  unknown ;  supposed  to  be  Middle  Huronian.  Has 
only  been  observed  at  this  locality. 

No.  145  (718). — Quartz  conglomerate.  Compare  No.  51  from 
same  bed,  also  No.  65.  See  Julien's  descriptions,  Nos.  114  to  118, 
Vol.  II,  p.  63,  Mich.  Rep.,  of  several  varieties  of  this  rock.  Blackish 
to  grayish-green,  mottled,  tough,  hard,  compact,  made  up  of  round 
pebbles  of  arenaceous  quartz,  and  angular  masses  of  milky  and 
smoky-quartz,  often  containing  blackish-green  scales  of  a  soft  chloritic 
mineral.  Fracture  uneven  streak  greenish  to  grayish  white.  Weath- 
ered surface  but  little  changed,  but  generally  roughened  by  the  pro- 
jection of  the  harder  portions,  which  have  better  resisted  the  infloence 
of  the  weather. 

Loc.  Bed  XIV.  Spurr  Mt.  Sec.  24,  T.  48,  R.  31,  where  this  bed 
is  in  part  a  true  conglomerate,  as  it  is  also  near  the  Washington 
Mine,  and  on  the  Saginaw  Eange.  A  bed  of  quartz  conglomerate  is 
also  found  in  the  Cascade  series  below  V.  In  the  Menominee  region, 
specular  and  occasionally  micaceous  conglomerates  related  to  No.  h\^ 
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are  found  in  bed  XIV,  west  of  the  river.  But  the  best  characterized 
and  most  interesting  conglomerate  is  the  gneissic  schist  holding 
pdbbles  of  granite,  gneiss,  and  quartz,  at  the  base  of  the  Huronian 
on  the  Statrgeon  E.  See  No.  66.  A  similar  rock  is  found  in  the 
N.  E.  qr.  of  N.  R  qr.  of  Sec.  1,T.  46,  E.  32,  associated  with  ferru- 
ginous rocks. 

"  Slate  and  jasper  conglomerates "  are  very  common  in  the  Huro- 
nian of  Canada. 

No.  146  (2234).  —  Mica  gneiss  (Wichmann).  Provisional  name,* 
micaceous  quartz  schist.  Compare  No.  140.  The  augen  gneiss  157 
is  a  variety.  Speckled  light  and  dark-gray,  fine-grained,  crystalline 
mass,  apparently  made  up  of  quartz  and  feldspar,  in  which  are 
numerous  minute  lenticular  or  gash  seams  of  black  mica,  which 
impart  to  the  rock  a  schistose  structure  and  give  the  cross  fracture  a 
broken  striped  appearance.  Shows  little  disposition  to  break  in  the 
plane  of  the  mica  lenses.  Contains  seams  of  white  calcite,  and 
weathers  dirty  greenish-gray. 

Loc.  From  bed  XVU,  825  N.,  0  W.,  Sec.  24,  T.  39,  E.  17,  Wis., 
associated  with  micaceous  quartzose  rocks  related  to  No.  140,  which 
constitute  a  heavy  E.-W.  bed,  which  is  believed  to  be  the  equivalent 
of  the  gneiss  series  on  north  side  of  the  Menominee,  near  head  of  Big 
Quinnesec,  where  an  augen  variety  (157)  is  seen.  "Wichmann,  §  100, 
Chap.  V. 

No.  147  (2271). —  Serielte  gneiss  (Wichmann).  Provisional 
name,  feldspathic  protogine.  Has  been  called  feldspar  porphyry 
schist.  No  allies.  Compare  No.  65.  Flesh-red  on  cross  fracture, 
fine-grained,  slaty  schist,  splitting  readily  into  small,  thin,  uneven 
flags,  the  feldspathic  laminae  being  separated  by  exceedingly  thin 
layers  of  a  hydrous  magnesian  mineral,  apparently  chlorite.  No 
distinct  crystals  can  be  recognized  with  the  loupe.  Contains  iron 
pyrites.  Effervesces  slightly  in  acids.  Fuses  at  4.5  to  a  white  pearly 
glass.    Chap.  V,  §  107. 

Loc,  Bed  XVII.  Below  Sturgeon  Falls,  Menominee  region,  1225 
paces  N.,  850  W.  of  S.  E.  corner.  Sec.  27,  T.  38,  E.  21,  Wis.,  in  a 
considerable  bed.  A  related  rock,  but  coarser  grained  and  more 
gneissic,  and  graduating  into  a  granitoid  variety,  occurs  in  an  E.  and 
W.  belt  about  18  miles  north;  probably  same  horizon.  Has  not  been 
observed  elsewhere. 

No.  148  (1732).— Homblendie,  quartzose  magnetite  schist 
(Wichmann).  No  allies.  Compare  Nos.  131,  28;  also  17.  Iron- 
gray,  very  fine-grained,  homogeneous,  very  hard,  tough,  heavy  rock, 
splitting  into  small  slabs  with  rectangular  terminations,  due  to  joints. 
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"Weathers  black.  Highly  magnetic.  The  presence  of  an  amphibolic 
mineral  in  this  ore,  as  determined  bj  Dr.  Wichmann,  is  interesting, 
since  this  is  rarely  the  case  with  the  rich  ores  of  the  Marquette 
region. 

Loc.  Penokee  Gap,  Bad  river,  Wis.,  in  the  Upper  (?)  Hnronian. 
Forms  the  most  northerly  exposure  of  iron  to  be  observed,  being  near 
the  north  face  of  the  ridge,  constituting  a  bed  say  200  feet  thick. 
This  appears  to  be  a  part  of  the  great  Penokeo  magnetic  iron  range, 
which  can  be  traced  for  many  miles  east  and  west  of  this  gap,  form- 
ing usually  the  crest  of  the  ridge.  No  identical  ores  have  been 
observed  elsewhere,  but  certain  rocks  in  bed  X,  Marquette  region  (see 
Nos.  27,  28, 131),  and  the  ore  from  the  Magnetic  Mine  (No.  17),  are 
closely  related. 

No.  149(3149).— ChiastoUtic  slate  (Wright).  Compare  No.  28. 
A  micaceons  clay-slate  holding  numerous  crystals  of  chiastolite, 

Loc.  Upper  Huronian,  Bed  XIX!  Penokee  range,  1200  paces  N., 
and  1,600  W.,  of  S.  E.  corner  S.  11,  T.  44  N.,  K.  3  W.,  Wis.  I  hf  ve 
not  seen  this  rock  in  place  in  the  U.  P.  of  Michigan,  nor  in  the  Men- 
ominee range  of  Wisconsin. 

No.  150  (2417).— Garnet  rock  (Pumpelly).  Compare  Nos.  27, 
152.  Gray  to  brown,  medium-grained,  crystalline,  somewhat  mag- 
netic, schistose. 

Loc.  Bed  IV?  Near  N.  E.  corner  of  Sec  7,  T.  41  N.,  R.  30  W., 
Mich.,  associated  with  magnetic  mica  schist,  No.  109.  At  no  other 
point  in  the  Huronian  has  so  highly  a  garnetiferous  rock  been  found 
in  quantity.  The  eklogite  bed  (X),  Washington  mine,  Marquette  r**- 
gion,  and  in  T.  89,  R  17  E.,  Wis.  (151),  are  nearest  related.  Garnet 
as  an  accessory  mineral  is  quite  common,  especially  in  the  chloritic 
schists  of  XIII,  and  mica  schists  of  XIX,  Marquette  region.  This 
rock  is  believed  to  bo  equally  rare  in  other  portions  of  the  Huronian. 

No.  161  (2819).  — Eklogite  (Julien).  Resembles  27.  Ck)mpare 
150.  Contains  acicular  tremolite  or  actinolite,  with  small  red  gar- 
nets, and  is  schistose  in  structure. 

Loc.  Bed  XIII?  175  paces  N.,  300  W.  of  S.  E.  comer,  Sec.  13, 
T.  39  N.,  R  17  E.,  Wis.  One  of  the  series  of  thin  beds  represoited 
by  Nos.  2814  to  2822,  underlying  the  great  quartz  conglomerate 
(XIY).  This  rock  is  rare,  and  may  perhaps  be  regarded  as  a  local 
garnetiferous  variety  of  actinolite  schist 

No.  1 62  (2686).  —  Magnetic  actinolite  schist.  Closely  related  to 
No.  58.  Compare  Nos.  130,  59,  129,  153.  Garnetiferous  varieties! 
(which  have  been  called  eklogite)  are  27, 151. 

Loc.    Bed  XVIU?    625  N.,  1150  W.,  Sec  85,  T.  40  N.,  R  17  E., 
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Wis.,  constituting  a  b  road  and,  in  places,  highly  contorted  and  altered 
belt  of  rock,  with  N.  W.-S.  E.  trend.  What  appear  to  be  pseudo- 
morphs  of  hematite,  which  is  sometimes  changed  into  magnetite  after 
the  actinolite,  are  common.  In  No.  153,  the  change  is  complete, 
resulting  in  iron  ore  schist.  The  Breitung  ore.  Sec.  28,  T.  39  N.,  E. 
18  E.,  is  lithologically  the  same,  and  may  be  in  the  same  horizon. 

No.  153  (3394).  — Actlnolltle  flag  iron  ore.  Compare  130,  152. 
A  shining,  coarse-grained,  blue-black  ore,  with  brown  weathering.  It 
splits  into  even  thin  flags  with  rough  surfaces.  The  iron  seems  to  be 
a  pseudomorph  after  actinolite. 

hoc.  Upper  Huronian.  1,400  paces  N.  and  2,000  W.  of  S.  E. 
corner  Sec.  27,  T.  40  K,  R  17  E.,  Wis.,  in  a  test  pit.  It  is  the  pui-est 
ore  observed  west  of  Lake  Eliza,  but  the  quantity  was  not  made  out. 
It  may  be  regarded  as  a  highly  ferruginous  variety  of  the  actinolite 
schist  of  this  district  [152],  which  usually  contains  more  or  less  iron. 

No.  154  (3450).  —  Grannlar  specniar  iron  ore.  Martite,  mas- 
sive, rich  in  iron.    Iron  pyrites  occurs  in  parts  of  the  deposit. 

Loc.  Bed  XV.  250  paces  N.  and  1,750  W.  of  S.  E.  corner  Sec. 
32,  T.  40  N.,  R  18  E.,  Wis.,  on  the  Commonwealth  Iron  Co.'s  land, 
and  known  as  "  Sec.  32  "  Mine  of  the  Commonwealth  range.  This 
ore  closely  resembles  the  massive  granular  specular  ores  of  the  Mar- 
quette region,  and  is  unlike  any  other  one  yet  found  in  quantity  in 
the  Menominee  region.  It  differs  from  the  specular  slate  ore  of  the 
Cyclops  Mine,  Michigan,  in  being  more  slaty  and  finer  grained.  The 
association  of  chloritic  schists  and  banded  cherty  schists  is  like  the 
Marquette  iron  series. 

No.  156  (2996). —  Kersantite  mica  trap  (Julien).  Provisional 
name,  greenstone  schist.    Compare  Nos.  70  and  120. 

Loc.  Bed  XVIII  or  XIX.  700  paces  N.  and  1125  W.,  S.  E.  corner 
Sec  7,  T.  38  N.,  E.  20  E.,  Wis.  Belongs  to  the  Big  Quinnesec 
series,  and  to  a  large  family  of  rocks,  usually  denominated  green- 
stone or  diorite  schist.  If  Mr.  Julien's  provisional  name  be  sustained 
by  further  examinations,  it  is  probable  that  several  specimens  may  be 
embraced  under  it,  now  included  under  diabase  and  greenstone. 

After  a  preliminary  microscopic  study  of  a  thin  section,  Mr.  Julien 
says:  "  It  consists  of  two  minerals.  1st.  Minute  grains  of  colorless 
and  clear  feldspar,  polarizing  brightly  with  crossed  nicols,  and  some- 
times showing  twin  structure.  2nd.  Predominates  and  is  present  in 
two  forms,  as  bluish-green,  irregular  scales,  decidedly  dichroic,  and 
also  of  fibrous  blades  of  greenish  shades  of  color,  and  colorless 
needles  varying  in  size  down  to  minute  microlites.  The  latter  appear 
to  represent  original  blades  of  hornblende,  but  rarely  display  its 
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strong  dichroism.    The  green  scaly  mineral  appears  to  be  interme- 
diate between  biotite  and  chlorite.    Apparently  a  mica  trap." 

No.  156  (2650).— Granalated  blotlte  scMst  (Julien). 

Loc.  1750  paces  N.  and  300  W.  of  S.  E.  corner  Sec.  2,  T.  39  N., 
R 17  E.,  Wis.  Several  varieties  of  this  schist  occur  at  this  point,  form- 
ing a  considerable  bed  associated  with  pyritiferous  chlorite  or  clay 
slates.  Actinolite  schists  occnr  to  the  west  and  greenstones  east,  the 
structural  relations  not  being  fully  made  out.  At  Sand  Portage  is 
a  similar  rock  [2106]  in  or  near  this  horizon. 

No.  157  (2912).— Augen-gneiss  (Julien).  A  variety  of  No.  146 
which  is  supposed  to  be  from  same  bed.  Gray  and  typical  in  appear- 
ance. The  mica  is  biotite,  and  the  feldspar  triclinic,  with  large  and 
rare  crystals  of  orthoclase,  (Pumpelly). 

Loc.  Bed  XVII.  North  side  of  upper  basin  at  Big  Quinnesec 
Eapids,  near  center  of  S.  W.  qr.  of  Sec.  7,  T.  39  N.,  R.  30  W.  Mich., 
constituting  a  variety  of  the  gray  gneiss  which  prevails  here,  and 
which  is  associated  with  chloritic  varieties  and  hornblcndic  schist.  A 
closely  related  rock,  believed  to  be  of  the  same  horizon,  is  extensively 
exposed  in  an  E.-W.  belt  across  the  center  of  Sec.  24,  T.  39,  E.  17  E., 
Wis.  (146).  This  rock  has  no  lithological  equivalent  in  the  Marquette 
series.  Rocks  believed  to  belong  to  this  bed  in  its  eastward  pro- 
longation are  chloritic  and  sericite  schists  and  gneisses.  See  general 
maps. 

No.  158  (3200).  — Porphypite  (Julien).    Compare  158  to  162. 

Loc.  Peminee  Falls,  Sec.  17,  T.  36  K,  R  22  E.,  Wis.  This  rare 
rock  in  the  Huronian  is  believed  to  belong  to  one  of  the  upper  beds 
(XX  ?),  and  is  associated  with  granitiod  rocks  more  or  less  porphy- 
ritic  No.  160  is  closely  related,  and  in  all  probability  came  from  the 
granite  bed  XX.  Neither  having  been  found  within  the  limits  of  the 
survey,  could  not  be  thoroughly  investigated.  Compare  the  por- 
phyries Nos.  161, 162,  from  Buffalo  and  Baraboo,  Central  Wisconsin, 
described  by  Mr.  Irving.  See  remarks  under  (160).  Tliis  rock 
resembles  in  many  particulars  the  characteristic  porphyrite  of  Ilfeld 
Germany. 

After  a  preliminary  microscopic  study  of  a  thin  section,  Mr.  Julien 
remarks:  "The  minute  scales  in  the  base  appear  mostly  brownish- 
green,  and  display  strong  dichroism,  like  biotite.  The  feldspar  crys- 
tals are  well  marked  and  slightly  altered,  and  are  sometimes  pene- 
trated  with  long  needles  of  amphibole.  Under  crossed  nicols  they 
display  brilliant  striations  and  evidently  consist  of  a  plagioclase-feld- 
spar.  In  the  base  a  few  water-dear  granules  appear  to  consist  of 
quartz." 
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No.  159  (3204).  — Porphyrite(Julien).  Compare  Nos.  168  to 
162. 

Loc.  Peminee  Falls,  Sec.  8,  T.  36  N.,  E.  22  E.,  Wis.  See  remarks 
under  158. 

Aft€M*  a  preliminary  microscopic  study  of  a  thin  section,  Mr.  Julien 
says:  The  base  differs  from  (3339)  in  the  abundance  of  colorless 
microlites  and  needles.  The  green  color  of  the  chlorite  scales  is  less 
conspicuous.  Small  crystals  of  an  altered  feldspar  abound,  sometimes 
twinned,  always  clouded  milk-white  by  minute  (kaolinic)  inclusions. 
Their  outlines  are  remarkably  sharp,  and  in  polarized  light  they  dis- 
play rather  decidedly  a  system  of  parallel  lines  (twin-lamellatipn?). 

No.  160  (3339).— Porphyrite  (Julien).  Compare  Nos.  158  to 
162.    No.  101  from  same  horizon  has  been  called  granite. 

Loc.  Bed  XX.  1500  paces  "W.  of  S.  E.  corner.  Sec.  21,  T.  42  N., 
E.  32  W.,  Mich.  This  is  the  uppermost  Huronian  rock,  the  erup- 
tive (?)  granite,  101.  It  is  not  established  that  the  Peminee  Falls 
rocks  (158, 159)  are  of  the  same  age,  but  it  is  probable.  See  remarks 
under  porphyry  in  preceding  chapter. 

After  a  preliminary  microscopic  study  of  a  thin  section,  Mr.  Julien 
remarks:  "Certain  dark  grains  of  irregularly  rectangular  form,  vis- 
ible  in  the  section  to  the  naked  eye,  seem  to  represent  altered  blades 
of  hornblende,  consisting  usually  of  a  mixtute  of  decolorized  aind 
very  minute  scales  of  chlorite,  and  of  particles  and  granules  of 
brownish-red  ochre;  in  one  case  a  dark-green  mass  is  thus  produced, 
and  exhibits  dichroism.  Under  higher  power  the  granules  of  the  base 
appear  often  angular  and  of  but  a  single  mineral,  probably  feldspar." 

No.  161. — Black  quartz-porphyry  (Irving).  Observatory  Hill, 
Buffalo,  Marquette  county,  "Wis.  See  Geol.  of  Wis.,  Vol.  II,  p. 
519,  Spec.  762. 

No.  162. — Red  qaartz-porphyry  (Irving).  Baraboo  Narrows, 
Sauk  county,  Wis.  See  Geol.  of  Wis.,  Vol.  II,  p.  513,  specimen  1244. 
See  remarks  under  (160).  Prof.  E.  D.  Irving  assigns  these  porphy- 
ries, which  occur  in  immense  beds  of  several  varieties,  to  the  Huro- 
nian period.  Their  entire  absence,  so  far  as  observed,  in  the  Mar- 
quette and  Penokee  regions,  their  occurrence  in  small  quantity  and 
not  typical  in  the  Menominee  region,  and  prevalence  in  Central  Wis- 
cousin,  is  interesting  in  connection  with  the  great  prevalence  of  re- 
lated rocks  in  the  iron-bearing  Archaean  of  Missouri,  showing  a  regu- 
lar increase  to  the  south. 
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CHAPTER  V. 

MICROSCOPICAL    OBSERVATIOKS 


THE  IRON  BEARING  (HURONIAN)  ROCKS  FROM  THE  REGION  SOUTH 

OF  LAKE  SUPERIOR. 

Bt  ARTHUR  WICHMANN,  Ph.  D.,  LiiFxia,  18T8. 


PREFATORY  NOTE. 

Under  date  January  «,  1875,  Professor  Zlrkel  wrote,  in  answer  to  my  inqnirlea  If  he  wonU 
andertake  the  microscopic  investigation  of  the  crystalline  rocks  for  my  sorrej,  that  it  was  impo*- 
■ible,  on  account  of  the  U.  S.  40th  Parallel  work  then  in  hand.  *'Bnt,''  he  added,  **  my  aaslstaat. 
Dr.  Wichmann,  a  yonng  gentleman  largely  experienced  in  microscopic  inTeatigationa,  has  ex- 
pressed his  readiness  to  undertake  the  work,  under  my  control  and  revision.  So  yon  may  acnd  the 
thin-f  ections,  and  be  quite  sure  they  will  be  examined  and  described  as  carefhUy  as  poasibla.** 

It  is  unjust  to  Dr.  Wichmann,  who  receives  no  compensation  for  his  work,  and  anfortsnata  tat 
the  science  of  lithology,  that  the  publication  of  his  valuable  paper  haa  unavoidably  been  dal«ysl 
•o  long. 

All  of  the  Wisconsin  specimens  collected  in  1874,  and  over  one  thousand  of  the  most  latereatiaf 
of  my  Michigan  collection,  including  those  described  by  Jnlien  (Mich.  Report,  187S,  Vot  II),  wcm 
in  Dresden  in  1875-6,  and  Dr.  Wichmann  saw  them  all.  Thin  sections  were  prepared  from  aboai 
five  hundred  specimens.    My  collection  is  now  in  Am.  Museum  of  Nat  History,  N.  T. 

T.  B.  B. 


I.    THE  MICROSCOPICAL  STRUCTURE  OF  THE  MINEBALS  COXSTI. 
TUTING  THE  ROCKS  DESCRIBED. 

§  1.    A.  Quartz. 

Quartz  is  the  most  widely  spread  mineral  as  a  oonstitaent  of  rocks.  Microsoopiadly 
it  is  very  easily  recognized.  In  a  thin  section,  it  shows  a  substance  dear  as  waiter,  m 
which  many  fissures  may  often  ba  observed,  but  never  the  beginning  of  change  into  an- 
other mineraL  Quartz  appears  in  bright  colors  by  polarized  light.  It  is  alto  chancter- 
ized  by  the  abundance  of  other  enclosed  minerals.  Colorless  needles  of  apatite  aie  oAoi 
found  in  it  (Spec.  137),  also  folia  of  mica  (Spec  732),  hematite  (Spec  10S5),  aystais  d 
magnetite  (Spec  734),  etc,  and  fine,  long  needles,  called  "  microlites  '*  (Spec  1641 L 
The  numerous  fluid-endosures  found  in  all  specimens  which  contain  quartz,  are  vay 
interesting.  Hiese  fill  up  a  cavity  in  the  mineral  with  a  fluid,  which  consistB  of  water, 
of  a  solution  of  salt,  or  of  liquid  carbonic  acid.  A  bubble  is  always  found  in  soch  flnid- 
cavities,  which  often  moves  rapidly,  and  then  turns  into  fluid.  By  heating  the  ol^ect  to 
about  31"  Ontigrade,  such  a  bubble  disappears,  to  appear  again  with  its  motkxi,  when 
the  quartz  cools.  It  is  beyond  all  doubt  that  in  this  case  the  fluid  consists  o£  carbonic 
add  (Specs.  1085,  137,  527).  Cubes  of  halUe  could  be  observed  in  some  fluid^endorares 
(Spec  2105),  and  then  the  fluid  probably  consists  of  a  solution  of  this  substance.  Hie 
forms  of  the  fluid-endosures  are  mostly  rounded  and  egg-like,  but  sometimes  they  aie 
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very  irregular.  Generally  the  flaid-endosnres  are  ranged  in  the  quartz  in  rows  like  a 
Btaring  of  pearls.  Pores,  often  found  in  quartz  without  any  fluid,  are  called  "  vapor 
cavities.'^ 

As  a  constituent  of  rocks,  quartz  does  not  appear  in  distinct,  regular  forms,  but  is 
always  represented  by  irregular  grains. 

Quartz  constitutes  the  following  rocks:  quartzite  (Specs.  361, 732,  etc.),  siliceous  schist 
(Specs.  1436,  1500),  jasper  schist  (Spec.  1196),  and  chert  schist  (Spec  1510). 

As  cLief  constituent  it  appears  in  granite  (Specs.  1715,  1749),  in  gneiss  (Spec.  1641, 
etc.),  in  the  siliceous  limestone  (Spec.  1744),  and  in  many  crystalline  schists,  such  as  horn- 
blende schist,  mica  schist,  chlorite  schist,  etc. 

It  is  observed  in  the  diorite  (Spec.  192),  in  the  diabase  (Spec.  827),  in  the  syenite  (Spec 
1720),  etc,  as  an  accessoiy  constituent. 

The  quartz  shows  a  peculiar  constitution  in  the  so-called  '*  crystalline  schist,"  usually 
constituting  the  ground-mass  of  the  rocks.  This  aggregation  is  only  recognizable  in 
polarized  light.  Each  irregularly-shaped  grain  appears  of  another  color,  for  the  indi- 
viduals are  mixed  together,  and  their  optical  axes  lie  in  different  directions.  The  other 
constituents  axe  imbedded  in  such  a  ground-mass. 

§  2.    B.  Feldspar. 

Feldspar  is  abundant  in  the  rocks  of  the  Iron  region.  We  distinguish,  in  relation  to 
its  phydcal  properties,  two  varieties  of  feldspar:  orthoclase  (monoclinic-feldspar)  and 
plagiodase  (triclinic-feldspar).  As  we  shall  see  in  §§  3  and  4,  these  two  varieties  are 
quite  distinguishable  by  microscopical  examination. 

§3.    a.  Oiihoclase. 

Orthoclase  appears  as  a  chief  constituent  of  granite,  syenite  and  gneiss.  As  an  ac- 
cessory, it  can  be  recognized  in  many  other  rocks.  In  general  it  forms  distinct  crystals, 
and  twin-crystals  are  not  unf requcnt.  These  twin-crystals  are  formed  according  to  the 
Carlsbad  law,  the  plane  of  junction  running  parallel  to  the  dino-pinacoid,  and  a  line 
divides  the  crystal  into  two  parts,  which  in  polarized  light  show  different  colors. 

The  substance  of  orthoclase  is  seldom  completely  fresh  and  clear.  We  observe  mostly 
the  beginning  of  an  alteration  starting  from  the  fissures,  which  cross  the  crystals  in  all 
directions.  In  these  parts,  the  substance  is  dull  and  changed  into  a  snow-flake-like 
aggregation,  well  observed  by  crossed  nicols.  The  fresh  and  unaltered  parts  appear  in 
bright  colors  in  polarized  light 

The  red  color  of  some  orthodases  is  probably  due  to  oxide  of  iron.  We  observe  in  a 
thin  section  streaks  and  clusters  of  a  reddish  dust-like  matter  strewn  through  the  color- 
less substance  of  orthoclase.  Under  a  high  objective  this  apparent  dust  dissolves  into 
small  granular  individuals.  Zirkel  *  expressed  the  opinion  that  these  small  grains  are 
oxide  of  iron,  and  that  they  were  formed  simultaneously  with  the  feldspar.  They  never 
occur  in  quartz  which  is  associated  with  orthoclase,*  nor  in  the  plagioclases  which  are 
associated  with  orthoclas3. 

The  oldest  rocks  very  rarely  contain  the  glass-like,  cracked  variety  of  orthoclase,  called 
**  Sanidin."  It  was  observed  with  all  its  characteristic  properties,  in  the  form  of  tabu- 
lar crystals  with  lustrous  faces  in  a  diabase  (Spec.  2072),  whitQ  it  was  colorless,  highly 
fissured,  glass-like  in  appearance,  and  contained  some  vapor  cavities. 

In  general,  no  fluid  enclosure  or  vapor  cavity  is  to  be  found  in  orthoclase,  but  needles 
and  prisms  ^  apatite,  hexagonal  folia  of  hematite,  and  needles  of  hornblende,  etc., 
often  occur.  In  the  fissures,  delicate  membranes  of  hydrated  oxide  of  iron,  some  viridite, 
etc,  sometimes  appear.  In  a  gneiss  (Spec.  944),  small  needles,  which  belong  to  an 
unknown  mineral,  were  observed  in  the  orthoclase,  crossing  one  another  at  an  angle 

of  60'. ^ 

I  Hikroskopische  Beschtffcnhelt  der  Mlneraliea  and  Oesteine  Leipzig,  1873,  page  ISQ. 
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In  Spec.  192,  orthodase  is  associated  with  qnartz,  and  is  microcoopicaUy  in  appear- 
ance like  '*  Lapis  hebraicas.'* 

In  some  hornblende-schists  and  rocks  orthodase  forms  the  groond-masi,  and  then  ii 
appears  in  aggregations  of  irregular  grains,  sometimes  mixed  with  grains  of  plagiodase. 
In  many  cases  the  beginning  of  alteration  is  recognizable. 

§4.    b.  Plagioclase. 

Plagiodase  is,  microscopically,  very  easily  distinguished  by  its  characteristic  twin- 
lamellation.  It  appears  principally  as  a  rock-constituent  in  diorite,  diabase,  and  dionte- 
gheiss,  but  it  is  also  found  in  all  rocka  in  which  orthodase  is  present,  and  then  it  is  gen- 
erally associated  with  the  latter.  Plagioclase  comprises  the  tridinic  feldspars,  all  ol 
which  contain  silica  and  alumina;  but  one  has,  in  addition,  soda — a  sodafddqitr, 
another  lime— a  lime  feldspar,  and  others  both  soda  and  lime.  The  physical  diazao- 
ters  of  these  varieties  are  generally  so  alike  that  they  are  not  distinguishable  by  them, 
nor  by  a  microscopical  examination  (their  indination  to  form  twin-crystals  charactem- 
ing  them  all),  and  therefore  only  a  chemical  analysis  can  determine  whether  a  giTea 
tridinic-feldspar  is  albite,  labradorite,  or  anorthite,  etc.  According  to  the  theocyol 
Tschermak,^  all  varieties  of  the  triclinic-feldspar  are  only  to  be  considered  as  mixtoRs 
in  different  proportions,  and  this  fact  is  easily  explained.  In  consequence  of  this,  the 
name  *'  plagiodase  **  is  always  used. 

In  the  different  rocks,  plagioclase  forms  well-shaped  crystals,  mostly  in  the  form  of 
small  rods.  The  crystab  are  also  sometimes  tabular.  Irregular  grains  of  plagk)da« 
appear  in  a  dionte-gneiss,  the  outlines  of  which  depend  npon  the  associated  minerali. 

In  opposition  to  orthodase,  the  plagioclases  are  characterized  by  a  twin-lamellatioo, 
where  the  plane  of  junction  is  the  brachy-pinacoid  oo  P  oo .  This  twin-laraellatioQ  k 
often  to  be  recognized  under  the  microscope  in  common  light  by  its  paralld  lines,  and 
in  polarized  light  the  laminae  always  show  different  colors.  No  other  mineral  is  dbar- 
acterized  by  a  twin- lamellation  of  such  a  color.  The  single  lamins  are  often  only  0.001 
millimetre  in  breadth,  and  a  oystal  is  sometimes  composed  of  30  and  moce,  <d  sndi 
laminae.  This  twin-lamellation  always  appears  if  the  section  is  cut  at  any  angle  to  the 
brachy-pinacoid. 

A  second  law  of  twin-crystallization  is  known  especially  in  labradorite.  The  plane  of 
the  junction  is  the  base  oP.  and  this  law  is  called  the  *'  Peridine-law.'*  These  two 
above-named  laws  appear  in  combination,  and  so  we  observe  two  systems  <d  twin- 
lamellation  crossing  one  another  at  an  angle  of  86*  40'.  This  phenomenon  is  dearly 
seen  in  grains  occurring  in  a  siliceous  limestone  (Spec.  1744). 

A  tridinic  feldspar,  which  occurs  in  a  dolomite  from  Pine  Creek,  Michigan  (Spec 
1626),  is  probably  albite,  for  this  variety  is  also  often  seen  in  such  rocks  of  other 
countries.' 

The  plagioclase  in  granite,  syenite  and  gneiss,  is  considered  to  be  oligodase.  There, 
it  forms  well  shaped  crystals,  or  irregular  grains.  In  most  cases  it  only  represents  aa 
aonessory  constituent.  Orthodase  and  oligodase  have  often  been  found  grown  together, 
and  then  the  plane  M.  is  mutual  if  the  main  axes  are  paralleL  These  two  fddspan  ace 
always  distinguishable  by  an  examination  with  crossed  nicols. 

Plagiodase  is  a  chief  constituent  in  dlorites  and  diabases,  where  it  always  i^ypeais  ia 
the  torn  of  rod-like  crystals,  partly  as  oligodase,  and  it  may  also  occur  pwtiy  is 
labradorite.' 

Endosures  are  not  frequent  in  plagiodase.  Fluid  endosures  have  noi  been  leoog- 
nized.  In  some  places  small  black  needles,  some  folia  of  hematite,  small  pnmu  of 
apatite,  etc,  are  microscopically  perceptible. 

>  Siuangsberichte  der  Wiener  Akademle,  Dec,  1864. 
•  Zirkol,  Lebrbach  der  Petrograpble,  IMS,  Vol.  I,  page  tS7. 
>  TtmtM  «Bd  Whitney's  Beport,  psrt  II,  pace  tt.   MlchigM  Gtologlcnl  Sorr^,  chap,  m,  pagvltl. 
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In  consequence  of  the  decomposition,  the  twin-lamination  is  not  always  recognizable 
in  polarized  light  Sometimes  the  alteration  has  reached  a  state  where  no  twin- 
lamellation  is  observed.  The  decomposition  starts  from  fissores  which  cross  the  crystals. 
Its  beginning  is  also  recognizable  on  the  lines  which  represent  the  plane  of  junction  of 
the  twin-oystals.  In  diorites  and  diabases,  plagiodase  often  seems  to  have  been 
changed  into  viridite.' 

§  5.    C.  Mica. 

Muscovite,  a  potash  mica,  and  biotite,  a  magnesia  mica,  are  the  two  members  of  the 
mica  group  which  usually  appear  as  constituents  of  rocks.  In  general,  these  two 
species  are  plainly  discernible  by  a  microscopical  examination,  but  it  is  uncertain 
whether  other  members  of  this  group  occur  in  the  rocks  of  the  iron  region. 

§  6.    a.  Muscovite, 

Bi-axial  mica,  muscovite,  forms  colorless  folia  and  scales,  which  appear  in 
bright  colors  in  polaiized  light,  in  whatever  direction  the  section  may  be  cut.  In 
sections  parallel  to  the  cleavage  plane,  muscovite  generally  appears  as  irregularly 
shaped  folia,  showing  sometimes  rhombic  forms.  This  species  chiefly  constitutes  some 
mica  schists  (Specs.  2239,  2222,  442, 1035,  2225),  but  those  composed  of  biotite  are  more 
frequent.  Small  laminss  of  muscovite  appear  as  an  accessory  in  gneisses  (Spec.  1641), 
magnesian-niica  schists  (Spec.  2255),  hornblende  schists,  etc.  In  association  with  biotite, 
beautiful  and  characteristic  folia  of  muscovite  were  observed  in 'a  chlorite  schist  of 
Spurr  mme  (Spec.  729).     The  muscovite  is  always  very  fresh  and  clear,  with  no 

enclosures. 

§  7.    b.  Biotite, 

Uni-axial  mica.  Biotite  is  abundant  in  the  rocks  of  the  iron  region.  It  generally 
appears  in  the  form  of  dark-brown  folia,  characterized  by  its  very  strong  dichroism 
when  tested  by  a  single  nicoFs  prism.  These  folia  are  ragged  and  irregularly  shaped. 
In  a  section  parallel  to  the  main  axis,  biotite  is  composed  of  parallel  laminss,  which  are 
fringed  at  the  ends.  Now  and  then  they  are  accompanied  by  magnetite.  When  a 
lamina  lies  parallel  to  the  base,  no  dichroism  is  recognizable,  and,  in  polarized  light, 
darkness  will  occur.  Biotite  constitutes  many  mica  schists  (Specs.  1100,  2087,  2212, 
etc.).  As  a  chief  constituent  it  appears  in  gneiss  (Spec.  146),  granite  (Specs.  1715, 
1749),  micaceous  limestone  (Spec.  21),  micaceous  quartzite  (Spec.  732),  micaceous 
augite  schist  (Spec.  1170). 

As  an  accessory,  it  is  observed  in  diorita  (Spec.  3075),  syenite  (Spec.  1409),  diabase 
(Spec.  1501),  chlorite-schist  (Spec.  729),  hornblende  schist  (Spec.  3029),  etc.  In  conse- 
quence of  this  fact,  we  may  say  that  biotite  is  to  be  found  in  nearly  all  rocks.  Biotite 
is  endoeed  sometimes  in  quartz,  augite,  hornblende,  etc.,  and,  with  the  latter  mineral, 
is  often  grown  together.  While  muscovite  has  never  been  observed  in  a  state  of  decom- 
position, we  sometimes  find  biotite  altered  and  changed  into  viridite.  This  is  the  case 
in  some  diabases,  while  in  the  crystalline  schists  it  always  appears  fresh  and  unaltered. 

§  8.    D.  Sericito. 

Sericite  occurs  in  the  form  of  tvnsted  scales  with  a  fibrous  structure.  Its  color  is  a 
grayish-white,  and  the  folia  are  sometimes  nearly  colorless.  The  dichroism  is  veiy 
feeble  and  generally  not  perceptible.  In  relation  to  its  chemical  composition,  sericite  is 
veiy  similar  to  muscovite,  but  in  relation  to  its  microscopical  structure,  these  two  min- 
erals are  different.  The  scales  of  sericite  are  often  arranged  in  clusters,  and  form  a 
felt-like  mass.    Sericite  composes  chiefly  the  sericite-schists  (Specs.  2071,  2077).* 

>  See  S  64.  *  See  f  118. 
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§  9.    EL  Talc 

Talc  consists  of  white  fibrous  scales  and  folia.  Aggregations  of  such  scales  compof^ 
the  talcy-schists.  No  distinct  ays  tab  appear.  The  structure  of  its  individuals  is  gen- 
erally a  veiy  fine,  scaly  one.  The  scales  are  often  fringad  at  the  ends.  Talc  compooes 
principally  the  tcdc-schist  (Spec.  3074). 

§  10.    F.  Amphibolo. 

Among  the  minerals  which  belong  to  the  amphibole  group,  actinolite  and  hornblende 
are  of  the  first  importance  in  relation  to  the  composition  of  rocks.  The  other  varieties 
represent,  for  the  most  part,  only  accessoxy  constituents.  All  members  of  this  group 
crystallize  in  monodinic  prisms  at  an  angle  of  124*  30'. 

§  11.    a.  Tremolite. 
This  variety  was  only  observed  in  a  limestone  (Spec.  2086,  see  §  35). 

§  12.    b.  ActinolUe. 

Actinolite  composes  espedally  the  acUnolite-schist,  but  also  occurs  as  a  constituent  of 
some  other  rocks.  Its  individuals  are  partly  visible  to  the  naked  eye,  and  they  are  only 
partly  perceptible  under  the  microscope.  In  a  section  parallel  to  the  main  axis,  actinolite 
represents  long  colorless,  or  nearly  colorless  prisms,  the  ends  of  which,  owing  to  the 
prisms  protruding  unequally,  are  ragged  and  uneven,  having  somewhat  the  appearance 
of  a  fringe.  Sections  cut  perpendicularly  to  the  main  axis  are  not  frequent,  but  show 
perfectly  the  characteristic  angle  of  124**  30 '  made  by  the  two  prism  faces.  The  crys- 
tals of  actinolite  are  formed  very  simply,  only  the  prism  oo  P,  is  observed. 

The  prismatic  cleavage,  which  is  very  characteristic  in  the  members  of  the  amphibole- 
group,  is  not  expressed  in  the  actinolite  fissures  intersectmg  each  other  under  the  pris- 
matic angle,  as  in  hornblende.  Sometimes  twin  crystals  of  actinolite  are  seen  even  in 
microscopic  individuals.  The  plane  of  junction  is  parallel  to  the  ortho-pinacoid,  and  is 
characterized  by  a  line,  which  divides  the  crystal  into  two  parts,  which  in  polarized 
light  show  different  colors.  This  line  is  not  always  straight  (Spec.  2240).  The  absorp- 
tion of  light  is  very  feeble,  and  in  general  not  recognizable  when  tested  with  a  single 
nicols  prism. 

Actinolite  contains  few  enclosures.  Now  and  then  some  grains  and  octahedra  of  mag- 
netite appear,  also  small  crystals  of  zircon  and  brown  folia  belonging  to  an  unknown 
mineral  (Spec.  2198),  which  Rosenbusch  *  also  observed  in  an  actinoUtd  from  Pontresina. 

Actinolite  composes  the  actinolite-schists  (Specs.  2198,  2238,  221, 1116, 1155,  308),  b«t 
only  Specs.  2198  and  2238  are  typical,  whilst  the  other  specimens  have  not  preserved 
their  character,  in  consequence  of  the  admixture  of  other  minerals. 

We  find  actinolite  as  a  chief  constituent  of  eklogite  (Specs.  3027, 109)  in  whidi  it 
appears  in  association  with  garnet  and  magnetite.  As  a  constituent  of  magnetic  schtBi, 
it  appears  in  Sp2C.  2240,  and  of  limonite  in  Spec  222.  It  seems  that  actinolite  is  mi- 
croscopically also  abundant  in  the  ore  beds  of  other  countries.  In  a  quartz-schist  (S.  £. 
of  old  Washington  Mine,  Spec  1088),  beautiful  crystals  of  actinolite  occur. 

In  all  these  specimens  Brush  has  proved  the  existence  of  this  mineral,  and  named  it 
"  anthophyllite,"  except  in  Specs.  2198  and  2238.  According  to  my  investigations  this 
mineral  cannot  be  identified  with  anthophyllite.  Microscopically,  the  latter  named 
mineral'  is  characterized  by  a  brown  color,  is  dichroitio  and  fibrous.  It  contains  many 
brown  needles  which  lie  parallel  to  the  main  axis.  There  occur  many  specimens  of  an- 
thophyllite which  are  similar  to  hornblende,  but  not  to  actinolite.  Finally  anthophyl- 
lite crystallizes  in  orthorhombic,  and  actinolite  in  monodinic-prisms. 

>  Phyeiographle,  page  308.    Strassborg,  1878. 

s  RoBenbaBch,  PbyBlographie,  1873,  p.  263.   TBChermiik,  Mineralog.  MltthoilongeD,1871,  Vol.  I,  p.  ST. 
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§  18.    c  Hornblende. 

In  general  we  disiingmah  two  yarieties  o£  hornblende:  the  common  hornblende, 
which  is  of  a  green  color,  and  the  basaltic  hornblende,  which  is  brown.  In  these 
rocks  only  the  common  variety  occurs.  In  thin  sections,  parallel  to  the  main  axis 
we  observe  a  striation  parallel  to  it,  similar  to  sections  of  biotite.  To  mistake  the 
one  for  the  other,  however,  is  not  possible,  for  the  optical  principal  sections  of  these  two 
minerals  have  a  di£ferent  position.  The  ends  of  the  prisms  are  generally  ragged  and 
uneven.  Sections  cut  perpendicularly  to  the  main  axis  are  characterized  by  many 
fissures  corresponding  to  the  prismatic  cleavage  of  the  hornblende,  parallel  to  the  prism 
00  P.,  showing  perfectly  the  characteristic  angle  of  124*"  30',  while  the  angle  made  by  the 
two  prism-faces  of  augite  is  ^V  6 '.  A  very  good  criterion  for  hornblende  is  its  strong 
dichroism,  which  augite  never  shows,  or  only  very  feebly. 

Tscheimak  was  the  first  who  called  attention  to  this  property.^  If  a  dichroscopic 
loupe  is  placed  on  the  ocular  and  turned  till  the  difference  between  the  two  images  has 
reached  the  maximum,  the  hornblende  always  shows  two  very  different  colored  images, 
while  augite  shows  images  differing  veiy  Uttle  in  color.  Instead  of  the  dichroscope  we 
can  make  use  of  one  of  the  two  nicols  prisms,  and  then  we  observe  the  tones  of  color, 
one  after  another,  by  turning  it.  The  use  of  the  lower  prism  is  to  be  prefeiTed.  The 
nearer  the  section  is  parallel  to  the  plane  of  symmetry,  the  more  remarkable  is  the 
dichroism.  When  hornblende  is  pale  green,  its  dichroism  is  vexy  feeble.  With  regard 
to  the  dichroism,  hornblende  might  be  mistaken  for  biotite  and  tourmaline,  but  these 
two  minerals  become  nearly  black,  when  tested  by  a  single  nicols  prism — and  besides 
this,  the  directions  of  their  optical  principal  sections  are  different. 

Hornblende  occurs  as  a  constituent  of  different  rocks  in  the  form  of  well  defined  crys- 
tals, or  in  crystalline  aggregations.  In  sections  perpendicular  to  the  main  axis  we  ob- 
serve not  only  the  prism  oo  P.,  as  is  the  ciSse  with  actinolite,  but  mostly  the  dinopina- 
coid  00  Poo  appears,  and  sometimes  also  the  orthopinacoid  oo  Poo .  For  the  most  part 
the  individuals  of  hornblende  ire  not  sharply  defined  at  the  ends,  which  have  somewhat 
the  appearance  of  a  fringe,  especially  in  the  schistose  rocks. 

Hornblende,  unlike  augite,  has  much  more  inclination  to  form  microlites.  These 
microlites  then  run  through  the  whole  rock  in  the  form  of  fine  single  needles,  or  they 
compose  irregular  aggregations.  Some  hornblende-schists  consist  nearly  entirely  of 
aggregations  of  such  microlites  (spec.  2051).  In  some  dioritea  the  crystals  of  hornblende 
are  composed  of  such  small  needles. 

In  some  rocks  the  individuals  of  hornblende  contain  numerous  indosures.  The  occur- 
rence of  water-clear  prisms  and  hexagons  of  apatite,  which  pierce  the  crystals  of  horn- 
blende in  eveiy  direction,  is  remarkable.  Magnetite  appears  in  irregular  grains,  or  in 
the  fonn  of  distinct  octahedra.  When  associated  with  hornblende,  biotite  always  ap- 
pears in  the  form  of  brown  folia. 

Hornblende  composes  the  hornblende-schists  and  rocks.  As  a  chief  constituent  it 
appears  in  syenite  (Specs.  1409, 1724,  etc.),  diorite  (Specs.  464,  37,  etc.),  homblende- 
^eiss  (Specs.  1767, 1762,  2211,  etc.).  As  an  accessory,  we  observe  hornblende  in  mica- 
schist  (Spec.  2212),  and  in  diabase  (Spec.  884),  etc 

§14.    6.  Pyroxene. 

Pyroxene  crystallizes  in  the  monodinic  system  with  a  prism  of  87'  6'.  Among  the 
members  of  this  group,  augite  ai^dsahlite  are  especially  observed  in  the  rocks  of  the 
Iron  legion  of  Lake  Superior,  as  constituents.  These  minerals  are  generally  only  to  be 
determined  by  the  aid  of  the  microscope,  and  therefore  it  is  easy  to  explain  why  they 
have  not  been  observed  heretofore  in  the  rocks  of  that  region.* 

«  Sitznngsbcrichte  der  Wiener  Akademie,  60,  1869,  p.  1. 

«  Seo  the  notes  of  Jollen«  Mich.  Gool.  Sanrcy,  Vol.  II,  p.  198.    1878. 
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§15.    a.  Augite. 

In  the  different  rocks,  augite  forms  mostly  distinct  crystaU.  In  a  section  perpendic- 
nlar  to  the  main  axis  we  always  observe  the  characteristic  angle  of  87*  6'  made  by  the 
two  prism  faces.  Its  imperfect  prismatic  cleavage  is  expressed  by  indistinct  fissures  in 
contrast  with  hornblende,  which  is  characterized  by  its  distinct  cleavage.  Twin  oystals 
are  microscopically  abundant,  and  the  orthopinacoid  ooPoo  is  the  plane  of  janctaon. 
They  are  only  recognizable  in  polarized  light,  and  then  the  two  parts  of  the  twinned 
crystal  show  different  colors.  Augite  is  of  a  yellowish-green  or  pade-green  color,  show- 
ing very  little  or  no  d^chrolsm. 

Augite  in  assodiition  with  plagioclase,  composes  diabase,  a  rock  which  is  abundant  in 
the  Iron  region.  As  an  accessory  it  appears  in  some  diorites  (Spec.  37,  etc.).  In  aso- 
ciation  with  biotite  and  quartz,  it  forms  an  auglte-schist,  at  the  Champion  mine  (Sp?c. 
1170).  In  this  rock  augite  is  represented  by  irregular  individuals,  which  sometimes  are 
twinned  (see  §  153). 

Augite  gives  rise  to  some  secondary  minerals.  In  the  diabases  we  observe  in  its  fis- 
sures the  beginning  of  a  change  into  a  fibrous  mineral  called  viridite.  Sometimes  the 
alteration  has  reached  a  state  in  which  augite  is  no  longer  recognizable.  But  sometimei 
a  change  from  augite  into  homblendais  observed  (see  Uralite,  §  17). 

§  16.    b.  SaMte. 

Sahlite  belongs  to  the  group  of  lime-magnesian-iron  pyroxene,'  and  was  proved  mioo- 
scopically  by  Dr.  Kalkowsky,  a  short  time  ago,  to  be  a  constituent  of  Archaean  locb.* 
It  is  therefore  interesting  to  observe  that  this  mineral  is  also  found  in  the  Huronian 
rocks  of  Lake  Superior. 

Kalkowsky  first  mentions  its  occurrence  in  the  hornblende-schists  of  Silesia.  Sahlite 
there  appears  in  the  form  of  small,  thin  prisms,  with  pyramidal  ends,  and  passing  by 
gradual  transitions  into  thicker  ones.  Many  individuals  are  irregularly  shaped.  In  the 
larger  prisms,  and  grains,  a  basal  cleavage  is  recognizable.  Besides  the  basic  cleavage, 
a  cleavage  parallel  to  the  orthopinacoid  is  also  characteristic  of  sahlite.  The  size  is  veiy 
variable.  The  microlites  are  0.05  millimetre  in  length,  and  .007  millimetre  in 
breadth.  Those  individuals  which  occur  as  delicate  membranes  on  the  schist-plane  are 
mostly  0.05  millimetre  in  length. 

lu  a  thin  section  sahlite  is  colorless  or  of  a  pale-green  color.  It  never  shows  any 
absorption  of  light  or  dichroism,  but  is  highly  refracting,  and  in  consequence  of  this  it 
appears  with  bright  colors  in  polarized  light.  Sahlite  is  with  ditficulty  fusible  by  the 
blow-pipe.  With  a  solution  of  cobalt  it  does  not  assume  a  blue  color.  With  fluxes  it 
gfives  reaction  for  iron.  Its  chemical  analysis  shows  a  considerable  amount  of  magnesia 
and  lime,  and  second  to  these,  iron  and  traces  of  alumina. 

Sahlite  is  generaUy  fresh  and  unaltered,  but  in  some  rocks  it  is  dull  in  appearance, 
and  a  little  decomposed.  Fluid-enclosures  are  not  unfrequent,  but  very  small.  Minerals 
are  not  enclosed  in  sahlite,  but  it  is  often  enclosed  in  feldspar,  and  also  in  quartz  and 
hornblende.  It  occurs  especially  in  association  with  hornblende  and  chlorite,  but  witii- 
out  these  minerals  in  quartzite  (see  Spec.  2083). 

In  gneisses  sahlite  is  mostly  observed  in  the  form  of  small  rods;  those  which  are 
intermingled  with  quartz  appear  in  the  different  rocks  in  the  form  of  irregular  grains. 

Kalkowsky  proved  sahlite  to  be  a  constituent  of  the  gneisses  and  hornblende-schists 
from  Silesia,  of  gneiss  from  St.  Gotthard,  of  quartzite  from  Haslau,  near  Eger,  in 
Bohemia,  and  of  httlleflinta  from  Danncmora  in  Sweden. 

I  observed  sahlite  in  some  gneisses,  mica-schists,  hornblende-schists  and  granite. 

>  Dana,  A  System  of  Mineralogy,  6th  ed.,  p.  115. 

*Uebor  den  Sallt  alt  Qeiteinigomenstlieil,  Tschermak  Miner.  Mitthlg.,  1875,  p.  43^ 
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§17.    B.  Uralitd. 

Uralite  Is  a  mineral  possessing  the  physical  properties  of  hornblende,  but  showioirtbe 
forms  of  augite.  It  is  a  metamorphosed  augite.  The  individuals  of  hornblende  lie 
parallel  to  one  another  and  to  the  main  axis  of  augite. 

Although  uralite  is  rare  in  occurrence  in  the  rocks  which  have  been  examined  (I  ob- 
served it  only  in  Specs.  37  and  464),  it  may  be  mentioned  in  this  place.  It  is  remarkable 
that  uralite  could  not  be  determined  in  any  of  the  diabases.  In  these  rocks  augita  is 
always  present  in  a  state  of  change  into  viridite. 

Specs.  37  and  464  are  diorites  containing  accessory  crystals  of  augite  which  show  dis- 
tinctly the  change  into  hornblende,  and  are  in  a  word  uralite. 

Under  the  microscope  the  original  forms  of  augite  are  distinctly  recognizable.  The 
interior  of  the  crystals  also  consists  of  augite.  The  outlines  of  the  individuals  have 
been  changed  into  hornblende,  which  consists  of  small  needles.  These  aggregations  of 
needles  pierce  the  augitic  substance  and  change  it  gradually  into  ahomblendic  one. 

§  IS.    J.  Epidote. 

Epidote  occurs  as  a  constituent  of  some  diabases,  and  is  often  observed  in  syenite.  It 
18  not  an  origmal  mineral,  but  is  formed  in  consequence  of  the  decomposition  of  augite  or 
hornblende.  Epidote  appears  in  the  form  of  yellowish- green  grains,  which  sometimes 
are  clustered  together.  Generally  no  distinct  forms  are  perceptible,  but  the  character- 
istic basic-cleavage  is  always  to  be  recognized.  Its  dichroism  is  not  very  strong.  Spec 
1724. 

§  19.    K.  Chlorite. 

Chlorite  is  characterized  by  its  pale-green  and  bluish-green  color.  In  the  rocks  ex- 
amined, it  appears  only  in  the  form  of  folia  or  scales.  It  is  very  variable  as  regards  its 
optical  proprieties,  some  folia  showing  a  distinct  dichroism,  while  this  is  not  observed 
in  others.  This  ^t  may  be  dependent  on  the  position  of  these  folia  in  the  schists,  for 
if  a  scale  or  lamina  is  cut  parallel  to  its  base,  no  dichroism  can  be  recognized,  also  by 
crossed  nicols  darkness  will  occur  in  this  case.  If  a  lamina  is  cut  parallel  to  the  main 
axis,  dichroism  will  be  very  distinct,  and  by  the  crossed  nicola  colors  of  polanzation 
will  occur.  Rosenbusch  *  has  expressed  the  opinion  that  bi-axial  chlorite  is  present  as 
a  constituent  of  some  rocks.'  This  fact  is  difficult  to  establish,  for  the  individuals  are 
very  small,  and,  therefore,  it  is  not  easy  to  determine  whether  a  lamina  has  been  cut 
parallel  to  its  base.  Besides,  they  occur  mostly  with  quartz,  which  mineral  appears 
with  bright  colors  in  polarized  light. 

Chlorite  composes  especially  the  chlorite  schists,  which,  in  their  typical  specimens,  rep- 
resent aggregations  of  folia  of  chlorite  (Spec.  729).  Chlorite  is  chiefly  imbedded  in  a 
quartzose  groundmass.  As  a  principle  constituent  it  is  found  in  chlorite  gneiss  (Spec. 
3003),  in  chloritic  quartzite  (Spec.  432),  and  in  mica  schist  (Spec.  2254).  In  our  horn- 
blende schists  no  chlorite  is  found. 

The  "  chloritic "  constituent  of  greenstones  does  not  belong  to  this  mineral,  for  a 
great  difference  is  remarked  with  regard  to  its  physical  properties  and  its  chemical 
constitution. 

§  20.    L.  Olivine. 

Olivine  is  only  present  in  serpentine  and  some  diabases,  according  to  my  investiga- 
tions (see  Specs.  876, 1247, 3078,  §59). 

Microscopically  olivine  is  easy  recognizable.  Its  substance  appears  in  thin  sections  of 
a  pale-green  color,  or  it  is  colorless.    Between  crossed  nicols  it  appears  with  bright  col- 

>  PhyiiogTAphle,  pa^  341. 

•The  general  impression  is  that  the  rock  constitnting  chlorite  is  nnl-axlol  and  hexagonal. 
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ocB.  The  rough  sor&ce,  which  this  miDeral  always  shows,  is  very  characteristic.  In 
ooDseqaenoe  of  this  fact,  olivine  can  be  readily  distinguished  from  other  minerals.  The 
individaals  of  olivine  are  always  highly  fissured.  These  fissures  traverse  the  oystaib  m 
every  direction,  and  from  them  a  change  takes  place  into  serpentine.  Olivine  is  the 
most  decomposable  of  minerals,  and  the  different  varieties  of  serpentine  are  espedallj 
the  resolts  of  its  change. 

§21.    M.Calcite. 

Calcite  is  coloriesa  in  appearance  and  forms  in  general  irregular  grains.  TTie  hrjgcr 
ones  are  alwajrs  twinned,  and  in  polarized  light  they  show  a  distinct  twin-lameDatkm. 
The  rhombohedral  cleavage  is  also  recognizable.  The  smaller  grains  show  genenlly 
no  twin-Lunellation,  and  in  this  case  they  are  not  distinguishable  from  those  of  dolo- 
mite.   In  polarized  light  the  gra:ns  of  calcite  are  milky-blue  in  appearance. 

The  limestones  are  composed  chiefly  of  calcite  (Spec.  1744,  etc.)  In  dolomite  (Spec. 
795)  its  grains  are  to  be  recognized  by  the  characteristic  twin-lamellation. 

In  mica-schists  and  hornblende-schists  calcite  sometimes  forms  the  groandmass,  and 
it  then  consists  of  an  aggregation  of  irregular  grains  (Specs.  1100, 1724). 

Calcite  is  of  bsn  pr?32nt  in  dlabasas  where  it  is  mostly  the  rasult  of  the  decomposition 
of  augite.  The  lime  of  auglte  ha^  been  formed  into  caldte,  while  the  other  elexDenti 
have  induced  the  formation  of  viridite.  This  calcite  has  been  deposited  in  the  oavite 
of  the  rock.  There  are  instances  in  which  calcite  appears  to  occur  as  an  original  con- 
stituent in  diorite,  diabase  and  syenite. 

§  22.    N.  Dolomite. 

Dolomite  constitutes  esp3cially  the  rock  *'  dolomite ''  and  is  also  present  in  some  lime- 
stones. It  forms  small  irregular  grains,  which  are  never  twinned.  Rhombohednl 
c!eavagc  does  not  often  appear.  Rhombohedra  of  dolomite  are  present  in  some  veins  o£ 
quartz  which  cross  the  dobmite  rock.    In  other  rocks  no  dolomite  could  be  found. 

§  23.    O.  Apatite. 

In  sections  parallel  to  the  main  axis,  apatite  forms  long,  colorless  needles  and  prisms. 
In  cross  sections  the  crystals  show  distinct  hexagonal  forms.  Apatite  pierces  other  nua* 
erab,  and  is  found  especially  in  quartz,  feldspar,  and  hornblende  (Specs.  1409,  1721, 
etc. ).    Sometimes  the  center  of  the  prism  is  filled  with  a  dust-like  substance  (Spec.  1453). 

The  brilliant  appearance  and  the  distinct  forms  of  ciystallization  are  chanuAeristic, 
and  by  these  properties  apatite  is  easily  recogniz3d. 

§  24.    P.  Garnet. 

In  thin  sections  garnet  forms  irregular  grains,  which  are  of  a  light-red  odor,  or 
colorless,  and  brilliant  in  appearance.  The  crystals  are  mostly  rounded  and  impo^ 
fectly  formed,  though  regular  hexagonal  and  rectangular  forms  are  sometimes  pero^vti- 
ble,  and  both  of  these  forms  comport  themselves  in  polarized  light  as  pededdj  isotropic 
bodies. 

The  individuals  ara  highly  fissured  and  enclose  different  minerals,  such  as  magaetite, 
hornblende,  etc.    The  surface  of  the  sections  of  garnet  is  rough. 

Garnet  is  a  chief  constituent  of  eklogite  (Specs.  1091,  8027),  forming  sharply  defined, 
rhombic  dodecahedra,  or  irregular  grains.  They  contain  numerous  needles  of  actino- 
lite,  and  crystals  of  magnetite. 

As  an  accessory  garnet  occurs  in  quartzite  in  the  form  of  rounded  grains  of  a  pale  z«d 
CDlor  (Sp3c.  1722);  it  is  also  present  in  hornblende  schist  (Spec.  2201). 

The  substance  of  garnet  is  mostly  fresh  and  unaltered,  only  in  its  fissures  has  a  dianae 
S9m9times  taken  place.  This  fact  is  evident  in  polarized  light  Between  cnsedjiiook 
darkness  occurs,  for  garnet  is  isotropic,  but  along  the  fissures  a  plaj  ol  colon  is 
observed;  the  alteration  products  are  probably  small  scales  of  chlorite. 
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The  excellent  pseudomorphs  of  chlorite  after  garnet,  occarring  in  the  Sporr  Moun- 
tain Iron  Range,  have  been  described  by  Pumpelly.' 

Finally  we  may  mention  the  occurrence  of  a  metamorphosed  garnet-rock  (Spec.  2189). 
The  greater  part  has  been  changed  into  actinohte. 

In  a  thin  section  of  this  rock,  only  traces  of  garnet  are  recognizable;  the  other  part 
consists  of  actinolite.  A  gradual  transition  of  the  latter  mineral  into  the  former  is  not 
observable.  The  individuals  of  actinolite  represent  fibrous,  radiated,  and  ice-flower- 
like aggregations  composed  of  single  fine  needles.  A  glance  at  a  section  shows  that 
the  change  has  taken  place  from  an  attack  on  the  garnet  from  the  outside.  The  crys- 
tals of  actinolite  penetrate  the  substance  of  garnet,  and  in  this  manner,  gomg  from 
without  into  the  interior,  the  garnet  will  finally  be  totally  changed. 

§  25.    Q.  Zircon. 

Not  long  ago  there  wero  observed  under  the  microscope  in  the  granulites  of  Saxony,' 
and  in  the  eUogites  from  Fichtelgebirge  in  Bavaria,  small  brownish-yellow  needles  and 
prisms  which  Dr.  Zirkel  thought  might  belong  to  zircon.  This  opinion  is  probably  cor- 
rect, as  Sandbergen*  had  already  determined  zircon  with  the  naked  eye  in  eklogite 
from  the  Fichtelgebirge. 

These  prisms  appear  to  belong  to  the  tetragonal  system,  and  are  terminated  by  a 
pyramid.  Twin-crystals  are  not  unfrequent  Often  the  individuals  have  been  crippled. 
This  mineral  refracts  light  strongly,  and  this  fact  is  in  acconlance  with  the  opinion  ej^- 
pressed  by  the  high  authority  alluded  to  on  the  refraction  of  zircon. 

I  observed  this  mineral  in  the  form  of  well-shaped  prisms  in  actinolite-schist  (Spe«, 
2198),  in  mica-schist  (Spec.  2222),  in  talc-schist  (Spec.  3074),  in  chlorite-aohist  (Spec! 
137),  in  granite  (Spec.  1749.  etc.). 

According  to  a  note  by  Dr.  Zirkel,*  zircon  is  abundant  (microscopically)  in  ifh^  Ajtchfiean 
schists  of  the  territories  of  Nevada  and  Utah. 

§  26.    R.  Tonrmaline. 

Tourmaline  has  been  observed  microscopically  only  in  one  specimen  (bx>m  the  north 
of  the  Dead  river); »  nevertheless  this  mineral  is  microscopically  widely  distributed 
through  many  of  the  schistose  rocks. 

In  thin  sections,  tourmaline  appears  in  the  form  of  »long  or  short  prisxnB  of  i^  bkMsh- 
gray  color.  The  extraordmary  strong  dichroism  is  very  characteristic  The  ends  of  the 
prisms  show  the  basic-pinaooid  or  a  rhombohedron,  if  the  crystal  be  not  broken  at  that 
place.  Sometimes  the  individuals  show  a  distinct  hemuAorphisr^.  In  this  case  the 
basic-pinacoid  appears  at  one  end,  and  a  rhombohedron  at  the  other.  Xhi^  fact  has 
already  been  established  by  Dr.  Auger.* 

Distinct  crystals  of  tourmaline  are  abundant  in  some  clay-slates  (Spec.  2087).  The  in- 
dividuals have  been  generally  broken  into  several  pieces,  but  the  pieces  of  each  crystal 
are  generally  found  near  together.  The  basic  cleavage  is  recognizable.  The  occurrence 
of  tourmaline  within  the  day-slates  seems  to  be  of  importance,  for  probably  they  may 
represent  the  crystalline  constituent  instead  of  the  "clay-slate  needles,"  which  are 
abundant  in  Devonian  and  Silurian  clay  slates. 

Numerous  individuals  of  tourmaline  appear  in  serioite-schists  (Spec.  2077),  in  chlorite- 
schisi  (Specs.  8055,  2082),  in  mica-schist  (Specs.  2162,2239),  in  talc-schist  (Spec.  3074), 
etc..    They  are  present  also  in  actinolitic-quartzite  (Spec.  1088.) 


>  American  Joamal  of  Science  and  Arts,  Yol.  X,  Jnlj,  1870. 
s  Mikrosk.  Beschaffenbeit  der  Mln.  a.  Oett,  1878,  p.  466. 

•  Nea«i  Tahrboch  f.  Mfn.,  etc.,  1667,  p.  476. 
«N.  Yakrb.  f.  Mln.,  1875,  p.  6?8. 

•Mich.  Gcol.  Survey,  Vol.  II,  p.  195. 

•  Tschennak,  Mineralog.  HUtheilungen  1875,  p.  163. 

Vol.  111. -39 
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§  27.    S.  Titanite. 

Titanite  is  observed  as  an  accessory  constituent  of  homblendic  rocks;  it  appeais 
especially  in  syenite. 

In  thin  sections,  titanite  is  characterized  by  a  yellow  or  yellowish-brown  color.  Its 
substance  is  often  not  very  transparent,  having  an  almost  pearly  appearance;  bat  it  is 
always  free  from  any  enclosure,  and,  in  general  is  highly  fissured.  The  monodinic 
crystals  are  mostly  of  a  wedge-like  form,  and,  in  consequence  of  this,  easily  recog- 
nizable. 

Good  crystals  of  titanite  appear  especially  in  syenite  (Spec.  1720) 

§  28.    T.  Magnetite. 

The  greater  part  of  the  small,  black  grains,  which  appear  in  the  different  rocks, 
belong  to  magnetite.  This  mineral  forms  either  sharply  defined  octahedra,  or  irregular 
opaque  grains.  The  octahedra  compose  sometimes  fine  aggregations  consisting  of 
joined  lines.  Such  aggregations  appear  in  some  diabases,  but  not  frequently  in  schists 
(Spec.  2254).  The  irregular  grains  are  also  abundantly  dispersed  throughout  many 
rocks,  or  grouped  together  in  clusters. 

Although  magnetite  is  readily  soluble  in  acids,  it  is  mostly  fresh  and  unaltered. 
Sometimes,  the  single  crystals  and  grains  are  surrounded  by  a  brownish  amorphow 
substance,  which  is  hydrated  oxide  of  iron,  and  results  from  the  decomposition  of  mag* 
netite. 

In  association  with  quartz  or  other  minerals,  magnetite  composes  the  magnetite 
schists  (Specs.  80, 1741,  2240). 

It  is  a  chief  constituent  in  magnetic  quartzite  (Spec.  734),  in  magnetic  mica-schist 
(Spec.  1101),  in  eklogite  (Spec.  3027),  etc.  As  an  accessory,  magnetite  is  found  inmost 
rocks,  especially  in  gneiss,  granite,  syenite,  diabase,  diorite,  hornblende-schist,  etc 

§  29.    U.  Hematite. 

Hematite  is  microscopically  characterized  by  pale-red,  blood-red  or  blackish  plates, 
which  generally  are  hexagonal  in  form.  The  different  colors  depend  on  the  varying 
thickness  of  the  plates  and  folia.  Sometimes  these  folia  are  irregularly  shaped  and 
then,  whenever  they  are  opaque  they  are  with  difficulty  distinguishable  from  magnetite. 

In  hematite-schist  (micaceous-iron-schist.  Spec.  3016),  the  constituents  are  mostly 
not  transparent,  but  distinct  hexagonal  forms  often  appear. 

In  feldspar  and  quartz,  folia  of  hemctite  are  inclosed,  and  are  mostly  of  a  blood- red 
color;  also  in  syenite  (Spec.  1409),  in  mica-schist  (Spec.  185),  in  homblende-schiBt  (Spec 
3076)  and  in  diabase  (Spec.  3076). 

§  30.    V.  Titanic  iron. 

Titanic-iron  forms  tabular  crystals  in  sharply  defined  hexagonals,  or  in  narrow  rods. 
Sometimes  the  individuals  appear  in  irregular  forms.  It  is  always  opaque,  and  there- 
fore sometimes  not  distinguishable  from  magnetite,  and  hematite.  In  such  drcom- 
stances  it  is  necessary  to  etch  the  section  with  hydrochloric  acid;  magnetite  and  hema- 
tite will  be  dissolved,  while  titanic-iron  will  not  be  affected. 

Sometimes  fine  aggregations  of  titanic-iron  appcai*,  repeating  in  their  forms  the  hex- 
agonal crystals  (Spec.  310). 

Very  often  it  is  changed  into  a  grayish-white  substance.  By  this  peculiarity  titani^ 
iron  is  unmistakably  recognized,  for  neither  magnetite  nor  hematite  show  such  a  form 
of  decomposition.  This  grayish-white  substance,  which  is  not  amorphous,  sunoonds 
the  grains  and  crystals  of  titanic-iron,  and  sometimes  only  a  trace  <^  the  original  min- 
eral is  left  intact.  The  forms  of  crystallization  are  always  recognizable.  The  chemical 
constitution  of  this  grayish- white  substance  is  unknown  up  to  this  time.  We  will  re- 
turn to  this  mineral  in  §  69. 


Digitized  by 


Google 


MICROSCOPICAL  OBSERVATIONS.  611 

§  31.    W.  Limonite. 

Microecopically  observed,  L'montte  represents  a  brownish-amorphous  substance.  It 
composes  principally  the  Kmonitic  ores  (Specs,  222, 542, 549,  etc.),  in  which  it  sometimes 
appears  in  association  with  qiiartz,  actinolite,  etc 

It  often  happens  that  it  is  the  result  of  decomposition  of  magnetite,  and  in  that  case 
limonite  surrounds  the  individuals  of  the  former  mineral. 

Further,  limonite  is  to  be  found  in  many  rocks,  where  it  appears  in  the  fissures, 
and  there  forms  delicate  brownish  membranes.  But  it  is  a  mistake  to  suppose  that  the 
cavities  within  the  rocks  are  filled  with  this  substahce. 

§  32.    X.  Pyrite. 

Pyrite,  microscopically  observed,  forms  irregular  grains  or  isometric  crystals,  which 
in  the  latter  case  appear  in  the  form  of  cubes.  This  mineral  is  recognizable  in  reflected 
light,  by  its  metallic  luster,  and  its  brass-yellow  color.  In  the  different  rocks  it  is  only 
present  as  an  accessory  constituent.  Sometimes  the  cubes  or  grains  are  surrounded  by 
a  brownish  hydrated  oxide  of  iron,  which  results  from  the  decomposition  of  pyrite. 
We  observed  this  mineral  in  syenite  (Spec.  1724),  in  diabase,  and  in  clay  slates. 

11.    DESCRIPTIVE  LITHOLOGY. 

§  33.    A.  Kon-fragmental  rocks. 

This  class  of  rocks  was  formerly  named  "  crystalline  rocks,"  but  in  consequence  of  the 
fact  that  many  of  them  contain  an  amorphous,  non-crystalline  substance.  Dr.  Zirkel  * 
proposed  the  name  "  non-fragmental  rocks."  The  Huronian  rocks  of  the  iron  region 
of  Lake  Superior  belonging  to  this  class,  all  show  a  crystalline  structure,  with  the  excep- 
tion of  some  diabases. 

The  non-fragmental  rocks  may  be  classified  as  follows:  a.  simple  rocks — limestone, 
dolomite,  quartzite,  magnetite- schist,  hematite-schist,  serpentine;  b.  massive  rocks  — 
granite,  syenite,  diorite,  diabase;  c.  schistose  rocks  —  gneiss,  mica-schist,  hornblende- 
schist,  chlorite-schist,  augite-schist,  talc-schist,  sericite-schist  and  eklogite. 

§34.    1.  Limestone. 

Pure  limestone  consists  of  an  aggregation  of  grains  of  calcite,  but  generally  it  con- 
tains accessory  minerals,  such  as  quartz,  mica,  dolomite,  magnetite,  etc.  According  to 
the  size  of  the  grains  we  distinguish  granular  limestone  (marble)  from  compact  lime- 
stone.   Limestones  are  more  or  less  dolomite  in  the  iron  region  of  Lake  Superior. 

§  85.    a.  Granular  Limestone, 

Spec.  2086.  Bed  X.  Mich.,  T.  42  N.,  R.  30  W.,  Sec.  ?4,  800  K,  600  W.,*  Menom- 
inee region. 

The  granules  of  calcite  are  irregular  and  always  twinned.  Besides  the  twin-lamella- 
tion,  the  rhombohednd  cleavage  is  in  general  quite  recognizable.  The  twin  crystals 
are  formed  according  to  the  well  known  law  in  which  the  plane  of  junction  is  the  rhom- 
bohedron  —  J^  R,  which  occurs  in  all  granular  limestones.  In  polarized  light  the  differ- 
ent laminae  generally  appear  with  different  colors.  The  position  of  the  twinned  laminae 
is  independent  of  that  in  the  neighboring  grains.  The  individual  laminae  are  of  0.03 
millimetre  in  length,  and  of  0.01  millimetre  in  breadth.  The  presence  of  numerous 
fluid  enclosures,  in  some  granules,  is  remarkable. 

>  Ifikrotk.  Bescbaffenhelt  der  Min.  JkGestelne,  p.  290, 1873. 

s  Snch  expressions  as  "  800  27.,  600  W.,^^  mean  803  steps  north  and  630  steps  west  from  the  S.  E. 
comer  of  the  section,  that  being  the  nniform  method  of  noting  locations  adopted  by  Messrs. 
Brooks  and  Wright 
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Aggregations  of  small  irregular  grains  of  dolomite,  which  are  not  twinned,  occor. 
Tremolite  is  recognizable  with  the  naked  eye.  The  colorless  individoalB  are  stziaied 
parallel  to  the  main  axis.  Irregular  fissures  cross  the  substance  in  every  direction,  b 
the  fissures  we  observe  the  beginning  of  alteration  into  a  fibrous  mineral.  Sharply 
defined  crystals  of  tremolite  aro  not  present.  Magnetite  presents  itself  in  the  form 
of  octahedra,  or  irrearular  grains;  we  ako  observe  water-clear  particles  of  qoartz,  with 
strings  of  fluid  enclosures.  In  some  places,  films  of  hydrated  oxide  of  iron  are  reoog- 
nizable. 

§  36.    b.  Siliceous  limestone. 

Spec.  1744,  Bed  V?,  Mich.,  T.  43  N.,  R.  31  W.,  Sec  4,  2000  N.,  about  1200  W. 

This  is  a  limestone  which  contains  numerous  granules  of  quartz.  The  two  minenli 
(quartz  and  calcite)  are  present  in  nearly  equal  quantities.  By  a  gradual  addition  of 
quartz,  a  quartzite  would  finally  arise.  T.  B.  Brooks  says,  in  his  paper  on  the  liihology 
of  the  iron  region  of  Lake  Superior:  *  *•  The  association  of  this  rock  (marble)  with  the 
lower  quartzite,  or  rather  the  transition  of  the  latter  into  marble,  has  been  mentionei 
This  transition  is  seldom  complete,  the  marble  being  alwajrs  more  or  less  silioeoas.  h 
is  usual  in  such  cases,  the  change  is  gradual,  producing  all  varieties,  from  calcareoos 
quartzite  to  siliceous  marble.'' 

The  water-clear  quartz-grains  are  filled  with  many  fluid  enclosures.  They  are  gen- 
erally composed  of  an  aggregation  of  smaller  grains,  a  fact  only  recognizable  between 
crossed  nicols,  where  the  individuals  which  compose  the  quartz-grains  appear  in  dife 
ent  colors.  The  sharply-shaped  rhombohedra  of  calcite  which  occur  in  the  quartz  are 
remarkable.    This  is  a  proof  that  calcite  and  quartz  have  been  formed  at  the  same  time. 

Calcite  appears  in  the  form  of  irregular  grains,  which  everywhere  show  the  chaIa^ 
teristic  twin  lamellation. 

The  presence  of  numerous  grains  of  feldspar  is  very  interesting.  It  seems  to  be 
mostly  triclinic,  and  is  probably  labradorite.  The  individuals  are  twiimed  acoordingto 
the  Albite-law,  and  Peridine-law.  With  the  former,  the  brachypinacoid  is  the  plane 
of  junction,  and,  according  to  the  latter,  the  base.  In  consequence  of  this,  we  observe 
two  systems  of  twin  lamellation,  crossing  at  an  angle  of  86  *  40 '  (see  §  3). 

§  37.    c.  Micaceous  limestone. 

Spec.  21.    Mich.,  T.  47  N.,  R.  28  W.,  Sec.  13,  S.  W.  qr  of  N.  E.  qr. 

This  fine-grained  rock  appears,  to  the  naked  eye,  of  a  dark-gray  color,  and  gliatans 
with  facets  of  calcite. 

The  larger  grains  of  calcite  show  perfectly,  under  the  microscope,  the  characteristic 
twin-lamellation.  The  smaller  ones  are  irregular,  and  no  twirmed  individuals  are  to  be 
recognized.    In  this  case,  they  are  not  to  be  distinguished  from  those  of  dolomite. 

Numerous  folia  of  brown  biotite  are  imbedded  in  the  rocks,  alwajrs  showing  a  slioog 
dichroism  when  tested  with  a  single  nicoPs  prism.  They  are  often  aggregated  in 
clusters. 

Titanic-iron  is  frequent  in  occurrence.  It  forms  irregular  opaque  grains,  which  art 
generally  surrotmded  by  the  known  grayish-white  substance,  by  which  this  mineral  ii 
everywhere  recognizable. 

§  38.    2.  Dolomite. 

In  general  the  dolomitic  rocks  are  characterized  by  the  same  microscopical  stracfane 
as  limestones.  They  consist  of  an  aggregation  of  small  irregular  grains  of  dolomite- 
Chlorite  and  quartz  occur  as  accessory  constituents. 

«  MIcb.  Gcol.  Snrvcy,  Vol.  I,  p.  109.    1873. 
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§  39.    a.  Dolomite. 

Spec  795.  Chocolafce  marble  quarry,  S.  of  mouth  of  Carp,  L.  S.  Spec  1635.  Bed 
V,  Mich.,  T.  39  K,  R.  20  W.,  Sec  7  (?). 

Dolomite  and  limestone  are  not  easily  distinguishable  by  the  naked  eye.  But, 
although  dolomite  and  caldte  crystallize  in  nearly  the  same  forms,  they  show  in  gen- 
eral, under  the  microscope,  different  characteristics.  Tnostranzeff'  was  the  first  to 
observe  that  calcite,  whenever  it  appears  as  a  constituent  of  rocks,  shows  the  charac- 
teristic twin-lamellation,  while  dolomite  only  forms  simple — untwinned — grains.  In 
consequence  of  this  fact,  the  variable  quantity  of  lime  in  dolomite  is  explicable,  and 
also  tiie  occurrence  of  the  different  proportions  of  magnesia  to  lime.  Dr.  Zirkel ' 
remarks  the  fact,  that  in  compact  limestones  cnlcite  does  not  show  any  twin-lamination, 
and,  therefore,  in  such  cases,  dolomite  and  limestones  are  only  to  be  recognized  by  a 
chemical  analysis. 

In  these  specimens  caJcito  can  be  easily  recognizsd.  The  irregular  grains  of  this  min- 
eral are  mostly  aggregated. 

Dolomite  forms  small,  irregular  grains,  but  sometimes,  I  observed  in  cavities  of  the 
rock,  distmct  rhombohedra  characterized  by  a  zonic  formation.  The  different  zones  are 
limited  by  hydrated  oxide  of  iron  (Spec.  795).  Black  particles  of  coal  are  also  present 
in  Spec  795. 

§  40.    b.  Siliceous  dolomite. 

Spec  797,  Chocolate  marble  quarry.  Spec.  1626,  Mich.  Bed  V,  T.  39  N.,  R.  29  W., 
Sec  11,  E.  K»  Pine  creek. 

The  individuals  of  dolomite  appear  in  the  same  forms  as  we  have  mentioned  in  §  39. 
Caldte  is  less  abundant  than  in  the  before-named  specimens. 

Quartz  appears  in  very  small  grains,  which  are  disseminated  throughout  the  whole 
rock.  It  also  occurs  in  the  form  of  small  veins,  which  cross  the  rock  in  every  direction. 
These  veins  consist  of  an  aggregation  of  small  grains,  as  is  to  be  seen  in  polarized  light. 
In  the  quartz  are  numerous  fluid  endosures;  we  also  observe  sharply  defined  rhombo- 
hedra, which  doubtiess  belong  to  dolomite. 

In  Spec.  1626  a  tricUnic  feldspar  was  recognized,  which,  as  we  mentioned  before  (see 
§  4),  may  be  albite,  a  mineral  which  occurs  elsewhere  in  dolomites. 

§41.    3.  Qnartzite. 

Quartzite  is  one  of  the  most  abundant  rocks  in  the  iron  regrion  of  Lake  Superior.*  It 
consists  generally  of  a  compact  aggregation  of  quartz-grains,  and  is  characterized  by  its 
extreme  hardness,  and  by  its  shaky  deavage.  The  rocks  called  '*  quartzite'*  can  be  rec- 
ognized, with  the  aid  of  a  microscope,  as  being  partiy  sandstones.  Such  rocks  cannot 
be  considered  as  quartzite,  because  the  single  quartz-grains  have  been  cemented  by 
another  substance,  and  they  belong  to  the  class  of  fragmental  rocks.  These  specimens 
we  shall  mention  under  that  head.    (See  §§  175-179.) 

Quartzite  is  usually  associated  with  different  minerals,  which  often  give  peculiar  char- 
acters to  the  rock.  These  minerals  are  especially:  mica,  magnetite,  actinolite,  garnet, 
chlorite,  etc. 

The  quartz-grains  composing  quartzite  represent  a  water-dear  substance,  which  ap- 
pears in  bright  colors  in  polarized  Hght.  These  grains  sometimes  consist  of  smaller 
ones,  as  may  be  seen  between  crossed  nicob. 

1  Ttchermak,  Minorolog.  MittheUuDgen,  1872,  p.  45. 

s  Mlkrotkop,  Beschaffonheit,  p.  897. 

*  T.  B.  BrookB,  Mich.  Qeol,  Surrey,  Vol.  I,  p.  108. 
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Witii  a  lower  power  the  individuala  of  qoartzite  seem  to  be  filled  with  a  dnsi-like 
matter.  Under  a  strong  power  this  dost  is  found  to  consist  of  nomeroos  floid  endosoret, 
each  containing  a  bubble  which  often  moves.  The  specimens  described  in  §  42  are  the 
typical  varieties  of  quartzite. 

g  42.    a.  QuatizUe. 

Spec.  861.  Bed.  V.  Mich.,T.  48  N.,  R.  26  W.,  Sec  31,  W.  side  of  N.  E.  qr.  o£ 
N.E.qr. 

Spec.   891.    Mich..  T.  49N.,  R.  33W.,  Sec.  9,  centerofN.W.qr. 

Spec  1174.    Bed  X.    Mich.,  Champion  Mine,  T.  48  N.,  R.  29  W.,  Sees.  31  and  32. 

Spec  1629.    Lower  quartzite,  Mich.,  T.  39  N.,  R.  23  W.,  Sec  7, 1250  N.,  600  W. 

Tliese  specimens  consist  almost  entirely  of  an  aggregation  of  colcuiess  granules  of 
quartz.  Some  grains  contain  many  fluid-enclosures;  others  are  filled  with  bristle-like 
microlites.  Small  colorless  folia  and  scales  of  mica  are  sometimes  present  The  red- 
dish appearance  of  some  quartzite  (Spec  1174)  is  due  to  numerous  microscopic  films  of 
hydrated  oxide  of  iron,  which  lie  between  the  individuals  of  quartz.  They  are  proba- 
bly of  secondary  origin.  Some  small  prisms  and  grains  of  sahlite  are  present  in 
Spec.  1629. 

I  have  sometimes  observed  coloiless  ciystals  and  microlites  with  clinobasic  ends  (Spec 
1174),  without  being  able  to  determine  the  mineral  to  which  they  belong. 

An  opaline  substance  mentioned  by  Juhen,'  could  not  be  found  in  Spec  891.  On  the 
contrary,  this  rock  consists  wholly  of  crystalline  substance. 

§  43.    b.  Magnetic  quartzite. 

Spec  734.    Bed  VIII,  Mich.,  Spurr  Mountain  mine,  T.  48  N.,  R.  31  W.,  Sec  23. 

Besides  quartz,  magnetite  is  abundant  in  this  rock.  Only  a  litUe  of  the  magnetite 
occurs  in  well-shaped  octahedra.  The  irregular  grains  are  mostiy  aggregated  in  the 
form  of  numerous  rounded  clusters.  The  quartz  grains  contain  fluid-endosures  and 
some  blood-red  folia  of  hematite. 

g  44.    c  Gametiferoua  quartzite. 

Spec  17^.  Quany  near  Geveland  Dock,  Marquette.  According  to  a  personal  com- 
munication from  Msgor  T.  B.  Brooks,  this  rock  forms  a  small  vein  in  a  di<Mite. 

Although  this  rock  represents  a  hard  quartzite,  it  is  rich  in  foreign  substances. 

One  mineral  occurs  especially  in  the  form  of  rounded  and  often  fissured  grains,  whidi 
comport  themselves  in  polarized  light  as  perfectiy  isotropic  bodies.  It  is  garnet,  which 
is  present  in  great  abundance;  but  is  not  visible  to  tiie  naked  eye. 

Small  green  acicular  prisms  are  distributed  throughout  the  rock,  and  belong  to  hora- 
blende. 

Reddish-brown  particles  of  hydrated  oxide  of  iron  are  quite  recognizable. 

§  45.    d.  Micaceous  quartzite. 

Spec.  732.    Bed  XIII,  Mich.,  Spurr  Mountain  mine,  T.  48  N.,  R.  31  W„  Sec  23. 

Spec.  2205.    Bed  XVIII,  Wis.,  T.  87  N.,  R.  17  E.,  Sec  22, 1520  N.,  850  W.,  T.  4. 

Spec  732  is  especially  filled  with  biotite,  which  appears  in  the  form  <^  bcownish  fotia. 
Besides  tiiis  mineral,  we  observe  opaque  octahedra  of  magnetite,  some  folia  of  bematiic 
some  microlites  and  few  fluid-enclosures. 

In  Spec  2205,  the  quartz  is  mixed  with  biotite  and  mnscovite,  the  folia  of  whkh  lie 
parallel  to  the  schist-plane. 

>  Midi  Oeol.  Borr^,  VoL  U,  p.  ^ 
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§  46.    £.  Actinolite-qnartz-schist 

Spec.  1088.    Bed  X.,  Mich.,  S.  E.  of  old  Washington  mine. 

Grains  of  caldfce  are  aggregated  with  the  irregular  qaartz-grains.  The  individuals 
of  calcite  are  numerous,  but  sometimes  the  characteristic  twin-lamellation  is  not  recog- 
nizable. 

In  this  calcareous  quartz-substance,  single  prisms  of  actinoUts  occur,  which  show  all 
the  characteristic  properties  of  this  mineral,  already  mentioned  in  §  12.  Besides  these 
single  individuals,  we  observe  aggregations  of  actinolite.  The  prisms  lie  confusedly 
together  and  are  often  broken  and  crushed.  In  sections  perpendicular  to  the  main  axis 
the  prismatic  cleavage  is  recognizable.  The  appearance  of  tourmaline  in  this  schist  is 
remarkable.  The  prisms  have  often  been  broken  into  different  pieces.  The  individuals 
are  of  a  bluish-gray  color  and  show  a  strong  dichroism.  Julien '  has  called  this  rock 
brownish  anthophyllitic-quartz-schist. 

§  47.    f.  Chtoritie  quartziU, 

Spec.  432.  Bed.  V,Mich.,T.47N.,R.26W..Sec.30,S.W.qr.ofN.W.qr.  This 
rock  seems  to  have  been  formerly  a  fragmental  one.  It  is  composed  of  angular  quartz- 
grains,  which  are  filled  with  numerous  fluid  enclosures.  Between  these  grains  we 
observe  a  substance  which  consists  of  an  aggregation  of  green  folia  of  chlorite.  Besides 
these,  strong  brown  dichroitic  folia  of  biotite  occur,  and  some  muscovite  is  also  present. 

This  rock,  microscopically  observed,  resembles  much  a  sandstone,  except  that  the 
cement  consists  of  crystalline  elements.  The  formation  of  chlorite  may  possibly  have 
taken  place  by  metamorphic  processes. 

§  4S.    4.  Jasper  schist. 

Spec.  1193.  Huronian  boulder.  This  rock  consists  of  parallel  bands  of  jasper,  in 
which  zones  of  micaceous  iron  are  intercalated. 

Under  the  microscope,  jasper  consbts  of  colorless  quartz,  filled  with  a  reddish-brown 
substance,  which  gives  to  the  rock  its  characteristic  color.  We  observe  that  the  quartz 
is  composed  of  an  aggregation  of  small  grains,  which  appear  in  a  bluish-gray  color  of 
different  shades,  in  polarized  light  The  granular  reddish-brown  substance  seems  gen- 
erally to  consist  of  hydrated  oxide  of  iron.  It  appears  often  as  a  dust-like  substance,  but 
sometimes  it  forms  clusters  in  such  a  quantity  that  the  quartz  becomes  opaque.  These 
grains  are  very  small,  and  seem  to  be  amorphous.  Small  blood-red  folia  of  hematite 
are  present 

The  limits  between  the  bands  of  jasper  and  of  micaceous  iron  are  sharply  defined. 
The  latter  contain  a  quartz  groundmass,  in  which  distinct  ciystals  and  folia  of  hema- 
tite are  imbedded.    A  Lttle  magnetite  is  also  probably  present 

§  49.    5.  Chert-schist. 

Spec.  1510.   Mich.,  T.  47  N.,  R.  45  W.,  Sec.  8,  N.  side  of  S.  E.  quarter. 

This  rock  is  made  up  of  laminae  of  diffarent  colors  (grayish- whit3  and  grayish-green). 
In  a  thin  section  som3  bands  b3com3  colorless  and  transparont  They  consist  of  a 
colorless  homstone,  composed  of  an  aggregation  of  small  grains  of  quartz.  Hierein 
are  imbedded  single  rhombohedra,  which  possass  a  rough  8urfac3,  and  are  probably  cal- 
cite. Small  needles  are  abundant,  and  form  small  bunches,  or  star-like  aggregations, 
Sometimes  black  opaque  grains  are  regularly  surrounded  by  such  needles.  A  duU. 
dust-like  substance  is  distributed  throughout  the  whole  rock. 

The  dark-colored  bands  are  filled  witli  numerous  clusters  of  grains  of  calcite,  which 
are  aggregated.   The  irregular  grains  and  rhombohedra  are  all  characterized  by  a  rough 

>  Michigan  Qeol.  Sanrey^Vol.  II,  p.  91. 
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8ar£ac8.  The  doat-like  sabstance  is  also  present  here  in  great  qaantities,  and,  owing  to 
this,  the  bands  appear,  to  the  naked  eye,  with  a  grayish-green  color.  Black,  irregolir 
particles,  are  coal  dots.  In  the  fissures  of  this  rock,  reddish-brown  films  of  hydiated 
oxide  of  iron  sometimas  appear.  In  some  parts  of  the  rock  irregular  red  folia  id 
hematite  are  present. 

This  rock,  microscopically  observed,  resembles  very  much  a  silicaous-schist,  with  the 
exception  that  the  latt3r  rosk  is  generally  very  rich  in  particles  of  coal  (plumbago). 

§  50.    6.  Siliceous  schist 

As  regards  their  compDsition,  the  siliceous  schists  correspond  to  chert,  only  they  con- 
tain more  foreign  substances,  and  therefore  generally  possess  a  dark  gray  or  blackiah 
color. 

It  would  be  advantag30us  to  call  quartzoae-schists,  which  are  contaminated  by  other 
substances,  siliceous  schists. 

§51.    Spec.  1436.    Mich.,  T.  47  N.,  R.  46  W.,  Sec.12,  center  of  S.  hf. 

This  specimen  is  filled  with  a  dull,  dust-like  substance,  which  is  distributed  through- 
out the  whole  rock.  The  particles  of  this  substance,  which  have  not  been  indiyidaali»d, 
are  often  clustered  together.  There  often  appear  gray  and  brownish-gray  shreds.  All 
these  seem  to  be  remains  enclosed  at  the  time  of  the  formation  of  the  rock.  Some 
irregular  dots  of  coal  are  present. 

This  siliceous-schist  is  crossed  by  minute  veins  of  quartz,  which  are  composed  of  tmall 
grains,  as  may  be  seen  in  polarized  light.  They  contain  numerous  sharply-defined  hex- 
agons, which  doubtless  belong  to  hematite.    In  the  fissures  a  brownish  limonite  ooomx. 

§  52.  Spec.  1500.  Lower  Bed,  Mich.,  T.47  N.,  R.  45  W.,  Sec  18.  Sunday  Lake 
outlet,  W.  side. 

Spec.  1441.    Mich.,  T.  47  N.,  R.  46  W.,  Sec.  12,  center  of  S.  hf. 

The  water-clear  substance  of  quartz  is  only  recognizable  in  some  places,  and  shows, 
in  polarized  light,  the  characteristic  mosaic-like  composition  of  small  quartz-grams. 
These  specimens  are  filled  especially  with  particles  of  carbonate  of  lime.  The  larger 
grains  are  round,  colorless  in  appearance,  and  show  distinctly  the  rhombohedral  dear- 
age.  The  smaller  individuals  are  characterized  by  a  rough  sur&ice,  and  are  oftoi  aggre- 
gated in  clusters.  Sometimes  its  rhombohedral  forms  are  perceptible.  They  oontain, 
in  many  cases,  a  dust-like  substance  or  brown  particles  of  hydrated  oxide  of  iron.  Ineg- 
ular  small  coal  dots  are  not  unfrequent 

In  some  places  we  observe  pale-green,  irregular  particles,  which  comport  themaelvei, 
in  polarIz3d  light,  as  perfectly  isotropic  bodies.  Probably  this  substance  represaobs  an 
amorphous  silicate  of  proiX>xide  of  iron,  or  it  may  be  an  opaline  substance. 

§  58.    Spec.  1683.  'Mich.,  T.  42  N.,  R.  82  W.,  Sec.  80,  S.  W.  qr. 

This  rock  consists  partly  of  water-dear  bands  of  quartz,  which  represent  an  i^fgre- 
gation  of  small  grains.  In  some  places  they  are  filled  with  numerous  fluid-endosares. 
Numerous  grains,  and  rhombohedra  of  caldte  appear,  and  coal  dots  are  not  onfreqoeat; 
we  also  find  numarous  sharply-defined  octahedra  of  magnetite,  and  particles  o£  dust- 
like  substance. 

The  dark-colored  bands  are  rich  in  calcite,  the  individuals  of  which  are  often  aggre- 
gated in  dusters.  They  are  often  of  a  brownish-color  in  consequence  of  the  prescacs 
of  hydrated  oxide  of  iron.  In  the  fissures  of  this  rook,  partides  of  this  subsbmoe  aie 
also  not  unfrequent    Dots  of  coal  appaar  in  great  number  and  form  irregular 


§  54.    7.  Magnetite  schist 

The  magnetite-schists  have  hitherto  been  very  little  investigated  by  the  microtoope. 
They  do  not  consist  of  magnetite  alone;  this  mineral  being  associated  with  othos,  e»- 
pecialty  with  quartz;  these  varieties  we  call,  simply,  magnetite-schist    §  55. 
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§55.    a.  Magnetite  schist. 

Spec.  80.    Mich.,  T.  47  N.,  R.  27  W.,  Sec.  27,  N.  W.  qr.  of  N.  W.  qr. 

Spec  1741.    Mich.,  T.  44  N.,  R.  31  W.,  Sec  33,  S.  E.  of  S.  E. 

These  two  specimens  represent  a  mixture  of  quartz-grains  and  magrnetite.  Whero- 
ever  magnetite  occurs  in  single  individuals,  it  forms  regular  octahedra,  in  consequence 
of  which  its  sections  are  quadratic  Twin-crystals  are  sometimes  present.  The  grains 
of  magnetite  are  generally  aggregated,  and  then  distinct  forms  of  crystallization  are 
not  recognizable.  The  single  individuals  are  generally  0.03  to  0.04  millimetre  in 
length  and  breadth.  The  substance  of  magnetite  is  opaque,  but  sometimes  surrounded 
by  a  brownish  material,  which  is  hydrated  oxide  of  iron,  producad  by  the  decomposi- 
tion of  magnetite. 

Quartz  is  abundant  in  this  rock  and  is  always  recognizable  by  its  charactsrlstic  prop- 
erties. It  consists  of  a  water-dear  substance,  and  appears  in  bright  colors  between 
crossed  nicols.  It  consists  of  an  aggregation  of  smaller  grains,  as  is  the  case  with 
most  crystalline  schists.  The  irregular  grains  contain  small  fluid  enclosures,  and  be- 
sides these,  we  observe  numerous  crystals  of  magnetite,  small  hexagonal  folia  of  hema- 
tite, and  small,  narrow,  transparent  needles,  which  may  possibly  be  rutile.  Under  a 
hi^  power  we  recognize  the  dust-like  substance  with  which  the  quartz  is  filled  to  be 
fluid-enclosures. 

§  56.    b.  Actinolitic  magnetite  schist* 

Spec  2240.    Bed  XV,  Wis.,  T.  39  N.,  R.  18  E.,  Sec  28, 1500  K,  1050  W. 

The  presence  of  actinolite  in  ore  beds  is  known,  and  we  know  further,  that  this  min- 
eral occurs  as  a  microscopical  constituent  of  magnetite-schist.  Dr.  A.  Enop  *  had  already 
observed  actinolite  in  the  magnetite-schist  of  Askcrs^d  in  Sweden,  with  the  aid  of  the 
microscope. 

Magnetite  is  present  in  the  form  of  irregular  grains,  which  are  aggregated  in  clusters. 
Distinct  crystals  are  not  frequent 

Actinolite  forms  long,  colorless  needles,  and  prisms,  but  sections  perpendicular  to  the 
main  axis  are  also  recognizable.  The  crystals  are  very  simply  formed,  and  in  conse- 
quence of  this,  on  the  prism  oo  P.  can  be  observed.  In  the  cross-sections  twin  crystals 
are  remarkable.  The  plane  of  junction  is  the  orthopinacoid,  and  characterized  by  a 
line  dividing  the  oystal  into  two  parts,  which,  in  polarized  light,  show  difl^erent  colors. 
This  is  also  a  proof  that  this  mineral  cannot  be  "  anthophyllite,*'  as  determined  by  Prof. 
Brush. 

§  57.    8.  Hematite-schist 

(Micaceous  iron-schist.) 

Spec  3016.    Bed  VI,  Mich.,  Gannon  mine,  T.  47  N.,  R.  30  W.,  Sec  28. 

Hematite-schist  is  a  schistose  aggregation  of  quartz  and  micaceous  iron.  Micaceous 
iron  is  a  scaly  variety  of  hematite. 

Hematite  appears  in  the  form  of  opaque  or  blood-red  folia,  according  to  its  thickness. 
It  occurs  in  hexagonal  forms,  but  the  outUnes  are  often  not  equal,  and  in  consequence  of 
this,  we  sometimes  observe  rhomboidal  forms.  Numerous  irregular  folia  and  scales  of 
hematite  are  also  present.  The  characteristic  metallic  luster  is  recognizable  by  reflected 
light,  whenever  the  section  is  cut  parallel  to  the  schist-plane.  The  folia  of  hematite  are 
often  i^rgregated. 

Water-dear  particlf^s  of  quartz  are  abundant.  This  mineral  forms  the  groundmass 
in  which  the  folia  of  hematite  are  imbedded.  Besides  hematite,  some  fluid-enclosures 
and  microlites  are  present  in  quartz. 

1  Stadien  ober  Stoffwandlnngen  im  Hineralreich,  1878,  p.  120. 
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§  58.    9.  Limonite. 

Spec.  222.    Bed  X.,  Mich.,  T.  47  N.,  R.  27  W.,  Sec.  13,  N.  E.  qr.  of  N.  W.  qr. 

Spec.  549.    Bed  VIII.,  Mich.,  T.  47  N.,  R.  27  W.,  Sec.  12,  N.  W.  qr.  of  N.  W.  qr. 

Spec.  893.    L'Anse  Iron  range,  Mich.,  T.  49  N.,  R.  33  W.,  Sec  9,  N.  W.  qr. 

The  limonitic  iron  ores  consist,  microscopically  observed,  of  limonite,  and  besides  tlui 
they  often  contain  quartz,  magnetite,  actinoUte  and  carbonate  of  lime. 

Spec.  222  is  an  actinolitic  limonite.  In  a  thin  section  a  brownish  snbstaaoe  appears, 
which  is  not  homogeneous,  and  in  which  octahedra  and  Jnogular  grains  of  magnetite 
are  imbedded.  A  granular,  dull  subataaaeis  bIso  present.  With  the  limonite  a  color- 
less amorphoiU'Mibstnjica  occurs,  which  may  possibly  be  opal,  or  an  opal-like  substance. 
Actinolite  forms  small  colorless  prisms  and  needles,  which  are  generally  aggregated. 
There  is  no  proof  that  limonite  has  been  formed  in  consequence  of  the  decomposition 
of  magnetite,  for  the  grains  of  this  mineral  never  show  the  beginning  of  any  alteration. 

In  Spec.  549  limonite  contains  irregular  grains  and  rhombohedra  of  calcite,  which 
possess  a  rough  surface.  Magnetite  b  widely  distributed  throughout  the  whole  rock 
in  the  form  of  small  grains.  The  substance  of  the  rock  is  filled  with  small  needles. 
The  mineralogical  nature  of  these  needles  cannot  be  established,  but  it  is  possible  that 
they  belong  to  actinolite.    The  substance  of  the  limonite  is  highly  fissured. 

Spec.  893.  In  a  thin  section  this  rock  is  not  transparent;  only  in  some  places,  a 
brownish  substance  (limonite)  is  recognizable.  This  contains  black  irregular  particles, 
which  probably  represent  a  manganiferous  substance. 

§  59.    10.  Serpentine. 

Spec  876.    Dyke,  Mich.,  E.  side  of  Presqu'  Isle,  L.  S. 

Spec.  1247.    Mich.,  T.  42  N.,  R.  31  W.,  Sec.  22. 

Spec.  2263.    Bed  XIV.,  T.  39  N.,  R.  23  W.,  Sec.  27, 1670  N.,  500  W. 

Spec.  3078.    Presqu'  Isle,  Lake  Superior.    N.  E.  comer. 

Serpentine  shows  generally  a  greenish  black  or  dark-green  color,  a  fissured  deai- 
age,  and  appears  in  faint  colors. 

It  has  long  been  known  that  serpentine  is  not  an  original  rock,  but  a  production  of 
the  decomposition  of  other  rocks.  This  opinion  b  based  on  the  occurrence  of  psendo- 
morphs  of  serpentine  after  other  minerals,  as  well  as  on  the  transition  of  serpentine  into 
other  rocks.  Notwithstanding  this  fact,  the  microscopical  investigations  proved  that  a 
change  from  olivine  into  serpentine  is  principally  to  ba  recognized,  and  therefore  oli- 
vine is  present  nearly  always  in  real  serpentine. 

The  presence  of  olivine  is  easily  recognized  with  the  idd  of  the  microscope.  In  a  thin 
section,  this  mineral  is  colorless,  or  of  a  light-green  color,  and  is  esp3cially  character- 
ized by  a  rough  surface.  Distinct  crystals  of  olivine  occur,  and  even  when  they  have 
been  totally  changed  into  serpentine,  their  forms  are  quite  distinguishable.  Traces  of 
fresh  olivine  are  usually  observed  in  serpentine,  and  then  these  remains  have  the  form 
of  rounded  granules. 

The  change  begins  on  the  outlines  of  the  crystals  or  grains,  and  progresses  by  foDow- 
ing  the  fissures  that  streak  the  olivine  in  all  directions.  Thus  begins  a  state  in  wfaidi 
the  individuals  of  olvine  appear  to  be  diq'ointed  into  numerous  small  grains,  which  are 
surrounded  and  cemented  by  the  substance  of  serpentine.  We  observe  a  groen  net  d 
serpentine,  the  meshes  of  which  are  filled  with  olivine.  This  mesh-lika  skoctore  i« 
very  characteristic  of  the  microscopical  nature  of  serpentine.  It  is  also  recognizable 
whenever  no  trace  of  olivine  is  present. 

The  secretion  of  magnetite  and  hydrated  oxide  of  iron  is  remarkable,  and  these  min- 
erals occur  in  association  with  the  phenomenon,  which  brings  out  the  change  into  ser- 
pentine.. Hiese  irregular  grains  fill  especially  the  veins  and  strings  of  the  first  pro- 
duced substance  of  serpentine,  which  now  becomes  untranspaient  by  the  pceKsce  of 
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these  substances.  Upon  these  strings  we  observe  green  veins  of  serpentine  crossing 
each  other,  which,  under  strong  power,  show  a  fibrous  structure  perpendicular  to  the 
direction  of  these  veins. 

In  these  sections,  serpentine  appears  of  a  gteen  or  yellowish  brown  color.  In  polar- 
ized light,  it  shows  a  aystalline  structure  and  is  found  to  be  composed  of  an  aggrega- 
tion of  small  fibres.  In  consequence  of  the  individuals  being  very  small,  and  irregu- 
larily  grouped  together,  their  optical  properties  are  recognized  with  difficulty. 

Dr.  fibrmann  Credner  *  and  JuUen  *  mention  the  occurrence  of  serpentine  among 
the  rocks  from  the  hun  MU^\on  of  Lake  Superior. 

Specs.  876  and  8078  are  very  typicai,-f»d  onlj  consist  of  olivine,  serpentine  and  mag- 
netite. 

Spec  1247  is  very  much  decomposed,  and  only  a  little  olivme  is  recognizable,  ^me 
augite  is  present,  which  also  seems  to  have  baen  changed  into  serpentine.  Augite  some- 
time shows  a  fibrous  structure,  and  this  mineral  very  much  resembles  diallage. 

Spec.  2263  is  a  light-green  serpentine.  No  trace  of  olivine  is  perceptible.  Magne- 
tite appears  abundantly.  The  augite  present  shows  also  the  beginning  of  change  into  a 
greenish  serpentine-like  substance. 

§60.    11.  Granite. 

Spec.  1715.    Bed.  XX?,  Mich.,  T.  42  N.,  R.  32  W.,  cor.  of  Sees.  20,  21,  27,  23. 

Spec.  1749.    Mich.,  T.  42  N.,  R.  30  W.,  Sec.  13,  near  center  of  N.  W.  qr. 

Spec.  2129.    Bad  XX?,  Wis.,  T.  33  N.,  R.  19  E..  Sec.  12,  500  N.  0  W. 

Granite  is  a  massive  rock,  consisting  of  quartz,  feldspar,  and  mica. 

Quartz  always  occurs  in  the  form  of  irregular  gnuns,  and  is  easily  recognizable  in  a 
thin  section  by  the  appearance  of  its  water-clear  substance,  which  never  shows  the  be- 
ginning of  any  decomposition.  The  presence  of  numerous  fluid-enclosures  which,  un- 
der low  power,  have  the  appearance  of  a  dust-like  substance,  is  very  characteristic. 
Under  strong  power,  each  fluid-enclosure  is  recognizable,  and  each  contains  a  bubble 
which  often  moves  about.  The  form  and  size  of  these  enclosures  are  veiy  different,  this 
also  being  the  case  with  the  size  of  the  bubbles.  Distinct  relations  between  the  size  of 
the  fluid-enclosure  and  that  of  the  bubble  are  not  observable.  In  Spec.  1749  we  ob- 
served some  of  the  so-called  double  fluid  enclosures.  Such  an  enclosure  appears  to  con- 
tain two  fluids,  and  in  the  interior  we  also  find  a  bubble.  This  is  the  opinion  expressed 
by  Sorby  ^  and  Brewster,^  while  Vogelsang^  and  Zirkel*  lean  to  the  opinion  that  the 
exterior  zone  is  not  liquid,  but  is  a  solid  substance.  Sometimes  granite  contains  in  its 
quartz-grains,  fluid  enclosures  in  which  cubes  of  halite  are  not  unfrequent.  Some  vapor 
cavities  occur  now  and  then. 

The  minerals  which  have  been  enclosed  in  quartz  are  apatite  (in  the  form  of  small, 
colorless  prisms),  hematite  (which  is  represented  by  blood-red  hexagonal  folia),  mica, 
and  numerous  microlites.  The  quartz-grains  are  composed  of  aggregations  of  smaller 
ones. 

Feldspar  is  generally  a  little  dull  in  appearance  in  consequence  of  the  beginning  of 
the  decomposition.  The  change  proceeds  from  the  fissures,  which  agree  with  the  cleav- 
age of  this  mineral,  and  therefore  are  placed  parallel  to  the  clinopinacoid.  oo  Poo  On 
these  fissures  the  substance  of  orthoclase  becomes  dull  and  gradually  the  whole  individ- 
ual wiU  finally  decompose.  Thin  films  of  hydrated  oxide  of  iron  which  occur  in  the 
fissures  have  arisen  from  infiltration. 

s  Zeltschriftder  deaUchen  goolog.  Gesellschafu    Plate  X,  fig.  4, 1839. 

sHich.  Geol.  Survey,  Vol.  II,  pp.  165  and  166. 

»  Quarterly  Joarnal  of  the  Geol,  Soc.,  1858,  XIV,  p.  478. 

*  Transact  of  the  Royal  Soc.  Edinburgh,  X,  1826,  p.  407. 
»  Pogg.  Ann.  C.  XXXVII,  1868,  p.  865. 

•  Mikrosk.  Beach,  d.  Min.  Oest.,  1878.  p.  66. 
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Floid-endosares  and  yapor  cavities  are  sometimes  recognizable  in  the  water  dear  and 
unaltered  parts  of  orthodase.  Some  folia  of  mica  are  aJso  sometimes  present.  Twin 
crystals,  twinned  according  to  the  Carlsbad-law,  are  not  unfreqoent 

Plagrioclase  is  not  of  rare  occurrence  in  granite.  It  is  generally  associated  with  or- 
tboclase.  As  a  constituent  of  this  rock  it  belongs  probably  to  digodase,  as  is  the  case 
in  most  of  the  granites.  The  characteristic  twin-lamellation  is  always  quite  recogniza- 
ble in  polarized  light,  although  its  individuals  have  been  a  little  altered. 

The  mica  constituent  of  these  rocks  is  nearly  always  represented  by  biotite,  whidi,  in 
the  form  of  brown  folia,  is  recognizable  hy  its  strong  dichroism.  The  sections  are 
mostly  cut  parallel  to  the  main  axis,  and  they  therefore  show  a  fibrous  structure.  Tlie 
outlines  of  biotite  are  often  supplied  (surrounded)  *  by  small  grains  of  magnetite,  and 
sometimes  its  folia  are  pierced  by  needles  of  apatite. 

Spec.  1749  contains  very  little  biotite,  and  this  mineral  is  only  perceptible  by  the  aid 
of  the  microscope.  A  little  muscovite  is  also  present  Such  varieties  of  granite,  whidi 
are  nearly  free  from  mica,  are  called  "  aplite,"  and  this  specimen  resembles  very  much 
the  aplite  *  from  Meissen  and  GotUaube  in  Saxony. 

The  occurrence  of  small  yellowish-brown  needles,  and  prisms  of  zircon  in  Spec  1749 
ia  remarkable. 

A  pyroxenic  constituent  is  present  in  Spec.  1715.  The  colorless  individuals,  whidi 
are  highly  fissured,  belong  to  sahlite. 

§61.    12.  Syenite. 

Spec.  1720.  Quany  near  Cleveland  dock,  Marquette.  Spec  1724.  Quarry  neir 
Cleveland  dock,  Marquette. 

Massive  rocks,  which  consist  of  hornblende  and  orthodase  belong  to  the  daes  ci 
syenite.  In  assodation  with  these  constituents,  there  ai«  to  be  found  plagiodase, 
quartz,  biotite,  titanite,  apatite,  hematite,  magnetite  and  titanic  iron. 

Orthodase  is  generally  much  altered,  and  represents  a  dull  substance.  The  mial> 
tered  parts  appear  in  bright  colors  in  polarized  light,  while  the  changed  graytdi* 
white  substance  is  composed  of  an  aggregation  of  small  partides,  which  Atom 
different  colors  by  crossed  nicols.  The  change  mostly  proceeds  from  the  fissures,  whicfa, 
especially  in  their  oourse,  are  parallel  to  the  dinopinacoid.  The  occurrence  of  small 
blood-red  hexagonal  folia  of  hematite  is  vety  characteristic  of  orthodase  and  of  syenite. 
Small  prisms  of  apatite  are  also  often  indosed  in  it 

Plagiodase,  which  b  not  unfrequent  has  generally  grown  together  with  orthodase. 
The  individuals  are  mostly  fresh  and  unaltered,  and  always  recognizable  by  its  charac- 
teristic twin-lamellation,  which  appears  in  polarized  light 

The  greenish  hornblende  forms  more  or  less  distinct  crystals,  which  in  many  cases  an 
much  altered.  The  fresh  and  unaltered  parts  are  strongly  dichroitic,  and  show  the 
prismatic  deavage  expressed  by  its  fissures.  Apatite  is  abundant  in  this  mineral.  'Die 
hexagonal  prisms  and  needles  pierce  the  individuals  of  hornblende,  and  remain  in  the 
parts  where  the  hornblende  is  totally  decomposed. 

In  the  first  state  of  the  decomposition  of  hornblende,  we  observe  the  change  as  pco- 
ceeding  from  the  outlines  into  a  green,  fibrous  mineral,  called  *'  viridite.**  This  change 
also  proceeds  from  the  fissures.  By  this,  the  individuals  of  hornblende  are  often  wboUy 
changed  into  viridite,  but  the  original  forms  of  the  decomposed  mineral  are  sometiniei 
still  recognizable.  In  the  viridite  small  individuals  of  epidote  begin  to  arise.  Iliey  are 
of  a  yellowish-green  color,  and  a  little  dichroitic  A  direct  change  from  homUende 
into  epidote  never  could  be  observed;  the  occurrence  of  viridite  alwi^  represents  aa 
intermediate  state. 

>  Sarroaadod  la  probably  moftaU    T.  B.  B.  •  Zlrkel,  Petrographle,  Vol.  I,  p.  «n. 
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Qnarlz  is  never  entirely  wanting  in  the  greater  number  of  the  specimens  of  syemto. 
It  always  forms  irregularly-shaped,  water-clear  granules,  which  are  filled  with  fluid- 
enclosures,  and  microlites.  By  a  gradual  addition  of  quartz  into  syenite  a  syenite-granita 
appears,  which  consists  of  quartz,  orthoclase  and  hornblende.  In  one  hand-specimen 
(1724),  we  can  recognize  the  transition  of  syenite  into  syenite-granite  (hornblende- 
granite)  by  the  naked  eye. 

Tltanite  is  one  of  the  most  characteristic  constituents  of  syenite.  In  both  specimens, 
this  mineral  is  not  unfrequent,  and  quite  recognizable  by  the  wedge-like  form  of  its 
crystals.  It  is  remarkable  that  titanite  is  nearly  always  present  only  in  association  with 
hornblende  rocks. 

Biotite  is  not  unfrequent,  and  mostly  associated  with  hornblende.  It  forms  brown 
folia,  which  are  strongly  dichroitic. 

We  have  already  mentioned  the  occurrence  of  apatite  in  the  orthoclase  and  hornblende 
of  syenite.  It  is  remarkable  that  this  mineral  always  resists  any  alteration,  although  it 
is  easily  soluble  in  acids. 

Calcite  is  distinctly  recognizable  in  some  places.  Till  latsly  the  opinion  was  ex- 
pressed that  calcite,  wherever  it  appears  as  a  constituent  of  massive  rocks,  was  of  sec- 
ondary origin.'  Behrens '  was  the  first  who  observed  ths  calcite  in  some  diorites  in  a 
situation  which  removed  all  doubt  that  this  mineral  was  formed  at  the  time  of  the 
formation  of  the  rock.  Zirkel  proved  the  original  formation  of  calcite  in  kersanton,  and 
Dr.  Ealkowsky '  mentions  the  occurrence  of  original  calcite  in  syenite.  Although  it  is 
possible  that  some  caldte  may  have  arisen  here  in  consequence  of  the  change  of  horn- 
blende into  viiidite,  it  is  beyond  all  doubt  that  this  mineral  also  appears  in  an  original 
state.  Grains  of  caJcite,  especially,  are  enclosed  in  quartz.  We  also  observe  grains 
into  which  individuals  of  hornblende  reach. 

Pyrite  forms  irregular  grains,  which  are  recognizable  by  their  metallic  luster,  which 
especially  appears  by  reflected  light. 

§62.    Spec.  1409.*    Boulder,  Mich.,  T.  47  N.,  R.  45  W.,  Sec.  18. 

Orthoclase  only  fdiows  the  beginning  of  decomposition  in  this  rock.  Quartz  is  rare  in 
occurrence,  and  whenever  it  appears  it  is  composed  of  an  aggregation  of  small  grains. 
Hornblende  is  qufte  fresh  and  unaltered.  Biotite  is  abundant  The  presence  of  titan- 
ite could  not  be  proved,  and  apatite  is  also  rare  in  appearance.  Pyrite  is  present  in 
small  particles. 

This  rock  is  a  syenite  in  relation  to  its  lithological  composition,  but  resembles  much 
more  the  rocks  which  belong  to  the  class  of  "  crystalline  schists  "  in  relation  to  the  struct- 
ture  and  prese*M)e  of  its  constituents. 

§  63.     13.  Diabase. 

Before  the  microscope  was  used  in  the  examination  of  rocks,  geologists  could  only 
try  to  investitr'\te  the  mineralogical  nature  of  the  trappean  rocks  and  greenstones  by 
chemical  anidysis,  or  by  observations  with  the  unaided  eye.  Until  lately  the  composi- 
tion of  these  old  basic  rocks  was  not  exactly  known,  but  now  their  constituents  are  dis- 
tinctly recofjnizable  with  the  aid  of  the  microscope.  We  can,  in  consequence  of  the 
results  of  these  investigations,  subdivide  the  so-called  greenstones,  diorites,  trap-rocks, 
etc,  into  diabase  and  diorite.  The  diabase  mostly  prevails  among  these  rocks,  which 
are  abundant  in  the  iron-region  of  Lake  Superior.  They  consist  chiefly  of  augite  and 
plag^oc'^^,  while  diorite  consists  of  hornblende  and  plagiodase.   Diabase  embraces  all 

1  Neaes  Jabrb.  f.  Miner,  etc.,  1872,  p.  468. 

*  Beric^iod  Konlgl.  sachn  Gesellsehaft  d.  Wlssenschftften,  1875,  p.  200. 
sNenet  Jabrb.  f.  Minor.  18T6,  p.  488. 

*  Mr.  Allperi  eays:  **  It  is  interesrlng  to  note  thattbe  syenite  1409  and  revoral  of  tbe  hornblende 
rocks  — l.ornblcnde  gneisses— are  wondcrfally  like  some  of  the  hornblende  rocks  of  Qaeenslond.'* 
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rocks  of  such  oonstitatioii,  which  haye  been  fonned  up  to  the  end  ol  the  Pideosoie 
period. 

The  name  *'  Diabase**  was  first  used  by  Alex.  Brongoiart,'  for  rocks  consistingr  of  honi- 
blende,  and  a  white  feldspar;  bat  as  Hany '  had  already  applied  the  name  '*  Diorite,** 
the  former  name  therefore  woold  signify  nothing.  In  conseqaence  of  this,  Haosmana ' 
acc?ptei  the  name  "Diabase  **  for  rocks  which  consist  of  pyroxene  and  a  tridinic  Mdapar 
(labradorits),  and  np  to  this  time  nearly  all  authors  have  adopted  this  noma.  D^ma  * 
alone  makes  an  exception,  and  names  '*  Diabase*'  '*  massive  hornblende  rocks,  which  are 
like  diorite  in  composition,  excepting  that  the  feldspar  is  less  abundant,  and  is  either 
iabradorite  or  oligoclase.**  We  can  neither  agree  with  such  an  opinion,  nor  justify  the 
placing  diabase  with  dolerite,  for  we  can  only  apply  the  latter  name  to  eruptive  rock^ 
of  the  tertiaiy  age. 

§  64.  The  chief  constituents  of  diabase  are  plagioclase,  augite,  and  magnetite  or  titan- 
ic-iron.  Besides  these,  quartz,  orthodase,  hematite,  hornblende,  apatite,  pyrite,  etc,  are 
found  now  and  then. 

Plagioclase  is  either  represented  by  Iabradorite  or  by  oligoclase,  which  &ct  can  b3 
only  established  by  a  chemical  examination.  This  mineral  neariy  always  forms  rod-like 
crystals.  The  characteristic  twin-lamellation  is  always  perceptible  in  polarized-light,  if 
the  crystals  are  fresh  and  unaltered.  In  the  coarser  grained  varieties  of  diabase,  plagio- 
clase is  readily  visible  to  the  naked  eye  (Specs.  912,  913). 

The  lamellsD  which  compose  such  a  crystal  are  sometimes  present  in  great  numben. 
In  Spec.  913,  from  L'Anse  Iron  Range,  some  individuab  are  composed  of  more  than  40 
lamellee,  which  by  crossed  nicols  show  different  colors.  The  lamellae  are  generally 
twinned  according  to  the  Albite-law,  where  the  plane  of  junction  is  the  brachy-pinac^id; 
but  also  the  Peridine-law  sometimes  appears,  which  Iabradorite  especially  follows,  and  in 
which  the  plane  of  junction  is  the  base.  Where  these  two-systems  of  twin-lamellatum 
are  combined,  they  cross  each  other  at  an  angle  of  86**  40'  and  therefore  show  in  polar- 
ized light  a  grate-hke  structure. 

In  consequence  of  the  alteration  of  plagioclase  the  twin-lamellation  often  begins  to 
disappear,  llie  decomposition  mostly  proceeds  from  the  fissures,  which  cross  the  ciyt- 
tals  in  every  direction  (Spec.  1501).  It  often  appears  that  the  alteration  has  takoi  a 
natural  course  and  follows  the  direction  of  the  twinned  lamellro.  Some  authors  *  have 
expressed  the  opinion,  that  the  fissures  take  place  in  the  plane  by  which  the  lamells  are 
joined;  but  I  think  that  the  plane  of  junction  has  nothing  to  do  with  the  alterataon  of 
the  oystals,  for  their  substance  in  this  place  must  be  as  compact  as  in  other  placet. 
We  often  observe  from  the  microscopical  examination  of  other  minerals,  that  the  alter- 
ation generally  proceeds  parallel  to  the  direction  in  which  the  best  cleavage  has  taken 
place.  The  best  deavage  of  plagioclase  is  parallel  to  the  brachypinacoid  and  this  also 
represents  the  plane  of  junction.  It  therefore  seems  that  the  alteration  proceeds  from 
the  fissures,  which  are  the  lines  that  represent  this  plane. 

We  recognize  very  often  a  greenish  fibrous  substance  in  the  fissures.  This  substance 
is  soluble  in  cold  hydrochloric  acid  and  is  called  **  viridite.**  It  represents  the  "  chkritk 
constituent  of  greenstones.**  It  seems  that  this  viridite  has  been  infiltrated  and  has 
arisen  by  the  decomposition  of  augite. 

The  feldspathic  substance  becomes  dull  in  the  course  of  its  decomposition,  and  then  it 
only  shows  the  twin-lamellation  in  some  unaltered  parts,  by  crocsed  nicds.  Finally  no 
plagioclase  can  be  recognized,  and  inconsequence  of  this,  the  microscopical  investigatioa 

1  Claseiflcation  ot  caract«ref«  mioeralogiqncs  dcs  roches  homogenot  ot  hetorojeDM.    Fvls,  laST, 
p.  80. 
sTraite  de  xnlneralogte,  Paris,  18SI,  lY. 

•  Ueber  dio  Blldnng  der  Ha«geblrges  Abhdlg.  d.  Kgl.  Geo.  J.  W. 

*  Man.  of  Geol.,  '73,  p.  79.  See  later  view,  ed.  of  74,  pp.  TO,  788,  alto  Han.  of  Mln.  A  LIth.  p.  4M,T.CC, 
ft  Datbe.  HikroBkoptscho  Untert.  neber  Diabase.    Zeitschrf*.  d.  d.  Geol.  Gos«llscli.  1874,  p.  ft. 
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of  greanstones  is  sometimes  very  difficult.  The  dull  substance,  which  represented 
formerly  the  feldspathic  constituent  shows  a  grrannlar  or  fibrous  aggregation  in  polarized 
light  There  is  no  doubt  that  plagiodase  has  also  been  changed  into  viridite,  like 
augite,  and  therefore  thin  sections  of  diabases  which  are  totally  decomposed  show  a 
greenish  substance,  the  origin  of  which  can  only  be  established  by  long  study. 

Small  prisms  and  needles  are  often  enclosed  in  plagioclase  (Spec.  912);  octahedra  of 
magnetite,  and  hexagonal  folia  of  hematite  abo  occur.  In  its  fissures,  films  of  hydrated 
oxide  of  iron  are  not  unfrequent. 

§  65.  OrthocUae,  Generally  no  orthoclase  is  present  in  diabase.  Wherever  this 
mmeral  appears,  it  forms  irregular  individuals,  which  are  more  or  less  altered.  In 
polarized  light  they  are  only  of  one  color  in  their  fresh  parts.  Distinct  crystals  are  of 
rare  occurrence. 

In  this  place  we  may  also  allude  to  the  interesting  fact  that  the  glassy  variety  of 
orthoclase,  called  "sanidin,"  can  also  be  recognized  in  diabase  (Spec.  2072).  This 
sanidin  forms  transparent,  glassy,  tabular  crystals.  Its  water-clear  substance  is 
crossed  by  many  fissures  in  all  directions,  as  is  to  be  seen  by  the  aid  of  the  microscope. 
The  individuals  which  are  unaltered  contain  many  vapor  cavities.  The  presence  of  this 
mineral  has  not  been  established  in  the  diabases  of  other  countries. 

§  66.  Augite,  This  mineral  is  a  chief  constituent  of  diabases,  as  we  have  already 
mentioned.  Julien '  maintained  the  opinion  in  his  paper,  that  in  the  rocks  from  the 
Iron  Region  of  Lako  Superior,  no  augite  occurs.  It  is  very  difficult  indeed  to  distin- 
guish augite  from  hornblende  in  these  rocks  by  the  unaided  eye,  but  microscopically 
the  characteristic  properties  of  augite  as  a  constituent  of  this  rock  are  easily  recognized 
in  most  cases.  In  §  15  we  have  already  given  the  method  of  distinguishing  augite 
from  hornblende  by  the  aid  of  the  microscope. 

Augite  rarely  forms  well  shaped  cvystab  in  these  diabases*,  the  outlines  being  gener- 
ally irregular.  Twin  crystals  are  not  unfrequent.  Only  a  few  other  minerals  have 
been  found  enclosed  in  augite.  However,  we  sometimes  notice  the  presence  of  rods  of 
plagioclase  (Spec.  996),  crystals  of  magnetite,  small  prisms  of  apatite,  etc.  In  Spec. 
884  numerous  vapor  cavities  occur. 

Many  fissures  cross  the  individuals  of  augite  in  every  direction,  but  they  often  show  the 
characteristic  angle  made  by  the  two  prism-faces  (86**  7').  The  decomposition  proceeds 
from  the  fissures,  so  we  observe  the  beginning  of  it  on  the  outlines  of  augite.  The  result 
of  the  decomposition  is  a  green  fibrous  mineral,  which  later  on  fills  up  the  whole  substance 
of  augite.  Many  names  (such  as  delessite,  diabantachronyn,  etc.),  have  bean  given 
to  this  mineral,  which  is  the  "  chloritic  substance  "  of  many  authors.  It  is  not  proba- 
ble that  this  green  substance  is  always  of  the  same  composition,  and  therefore  the 
name  **  viridite  "  may  be  best  applied.  Viridite  is  soluble  in  hydrochloric  acid,  and  ap- 
pears in  polarized  light  to  be  composed  of  an  aggregation  of  small  fibres.  It  occurs 
also  in  cavities  and  fissures  of  the  rock,  and  seems  to  be  composed  chiefly  of  silica,  pro- 
toxide of  iron  and  alumina.  The  lime  of  augite  is  transformed  into  calcite  (Spec.  827), 
which  is  now  present  in  the  rock  in  consequence  of  the  decomposition  of  the  former 
mineral,  but  we  do  not  doubt  that  in  some  circumstances  calcite  can  also  be  an  original 
constituent  of  diabases. 

Viridite  induces  sometimes  the  formation  of  other  minerals,  and  these  are  epidote  and 
augite.  The  epidote  is  yellowish-green  in  color,  is  slightly  dichroitic,  and  forms  clino- 
basic  crystals  or  irregular  grains.  The  individuals  occur  in  the  viridite,  and  it  is  be- 
yond doubt  that  they  have  been  formed  out  of  it  (Spec.  301  ? ).  This  succession  has 
already  been  described  by  Dathe.* 

The  phenomenon  of  the  transformation  of  viridite  into  augite,  has  not  been  observed 
until  recently.    It  is  very  interesting  to  have  the  fact  established  that  this  mineral,  after 

«  Mich.  Gool.  Survey,  Vol.  II,  p.  42.  >  1.  c  p.  17. 
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having  been  changed  into  another,  has  finally  returned  to  its  former  state.  The  new- 
formed  angite  is  represented  by  delicate  crystals,  the  outlines  of  which  are  sharply 
defined.  They  are  completely  fresh  and  of  a  green  color  (see  Spec.  1659).  Such  ii^- 
viduals  are  only  present  in  viridite  and  do  not  seem  to  occur  in  any  other  part  of  the 
rock. 

§  67.  Distinct  crystals  of  hornblende  are  present  in  some  diabases  (Specs.  884, 996), 
and  always  easily  recognized.  By  a  gradual  addition  of  hornblende  the  diabase  dianges 
into  diorite,  and  under  these  circumstances,  such  a  rock  represents  an  intermediate  state 
between  diabase  and  diorite. 

Some  diabases  contain  brown  folia  of  biotite  (Specs.  3079,  827),  which  sometimes  hate 
been  changed  into  viridite. 

Olivine  is  rare  in  occurrence  in  the  diabases  of  the  Iron  region.  It  is  present  now 
and  then  as  an  accessory  constituent  (Spec.  1659).  True  olivinic-diabases  were  not  ob- 
83rved,  although  they  doubtless  occur. 

§  68.  Small  quartz-grains  occur  frequently  in  diabase,  but  are  not  generally  visible  to 
the  naked  eye.  The  grains  are  irregularly  shaped  and  contain  many  flnid-enclosuret, 
which  sometimes  contain  a  bubble  which  moves  about  (Specs.  827, 889, 1616,  etc).  Dia- 
base in  which  quartz  is  frequent  in  occurrence,  is  called  quartz-diabase. 

§69.  Magnetite  occurs  in  many  diabases,  and  generally  forms  therein  sharply  de- 
fined octahedra,  which  are  sometimes  aggregated  (Spec.  1659,  etc.)- 

Some  blood-red  folia  of  hematite  aJso  occur  in  Specs.  827,  3079. 

Titanic-iron  is  abundant  in  nearly  all  diabases,  and  is  much  more  frequent  than  mag- 
netite. It  is  especially  present  with  hexagonal  forms,  but  distinct  crystals  are  rare  in 
occurrence.  The  individuals  are  generally  rod-like  in  appearance,  and  then  form  deU- 
cate  aggregations,  which  represent  the  hexagonal  forms  (Specs.  912,  918). 

The  change  of  titanic-iron  into  a  grayish-white  mineral  is  a  peculiar  characteristic 
sign.    This  change  is  seen  to  start  from  the  contours. 

Fissures  which  cross  each  other  at  an  angle  of  60  **  are  also  sometimes  to  be  recog- 
nized in  the  planes  of  the  individuals.  From  these  fissures  a  change  also  proceeds. 
Dr.  GQmbel*  expressed  the  opinion  that  this  grayish- white  mineral  might  be  an 
original  one,  and  called  it  '*  Leucoxen.'*  According  to  his  investigations,  it  is  composed 
of  silicic  acid  and  titanic  acid.'  T5mebohm,'  in  his  investigations  of  the  diabases  cl 
Greenland,  establishes  the  fact  that  this  white  mineral  was  produced  in  consequence  of 
the  decomposition  of  titanic  iron,  but  he  thinks  that  it  may  be  titanite,  an  opinion  with 
which  I  cannot  agree.  As  regards  its  structure  and  appearance,  this  mineral  has  no 
affinity  with  titanite.  Cohen  *  finally  maintained  the  opinion  that  tois  minora!  might 
be  pure  titanic  add. 

Pyrite  is  not  unfrequent  in  some  diabases.  Thb  mineral  is  easily  recognizable  from 
its  metallic  luster  by  reflected  light. 

§  70.  We  may  now  mention  the  presence  of  a  substance  in  many  diabases  which  gives 
a  good  proof  as  to  the  eruptive  character  of  these  rocks.  This  substance  has  been  squeesed 
in  between  the  constituents  of  the  diabase.  It  represents  no  true  glass,  but  is  amor- 
phous in  appearance,  and  has  been  devitrified  into  a  granular  substance.  The  develop- 
ment of  such  a  substance  by  metamorphism  is  impossible,  and  it  can  only  be  coosidereu 
as  the  remains  of  a  liquid  mass.  Zirkel*  proved  the  presence  of  an  inserted  sabstanoe 
in  the  diabases  of  ScoUand,  which  form  layers  and  dykes  between  the  lower  carbonif- 
erous sandstone. 

In  the  foUowmg  %%  the  most  characteristic  varieties  of  diabase  will  bo  deecribed. 

•  Die  palKolitblfchen  eraptivgestoino  d.  Fichteigebirges,  1874,  p.  8S. 
«1.  c.  p.85. 

•  QeolUka  Foreingens  i.  Stockholm,  Vol.  II,  p.  54S. 

«  Jahresboricht  der  geograph.  QeselUchaft  sa  Hamborg,  Vol.  II,  p.  930, 

•  Zelttchrlft  d.  deatachea  Geol.  Oat.  1871,  p.  33,  Vol.  XXIII. 
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§  71.    Coarse  diabase. 

Specs.  912,  913.    Mich.,  L'Anse  Iron  Range,  T.  49  N.,  R.  83  W.,  Sec.  9,  N.  W.  qr. 

The  individuals  of  augite  are  veiy  large,  and  rather  fresh  and  unaltered,  yellowish- 
green  in  color,  and  highly  fissured.  A  little  hornblende  is  also  present  Plagioclase 
forms  delicata  rod-like  crystals,  which  show  a  beautiful  twin-lamellation  in  polaxized 
light  They  are  all  fresh,  and  unaltered.  The  inserted  substance  is  squeezed  in  be- 
tween these  constituents,  and  is  therefore  wedge-like  in  appearance.  It  is  amorphous, 
and  always  easily  recognizable.  A  little  orthodase  is  perceptible.  The  crystals  of 
titanic-iron,  which  are  also  unaltered,  are  aggregated.  These  aggregations  represent 
the  hexagonal  forms  of  the  crystallization  of  this  mineral.  These  specimens  are  the 
exact  type  of  diabases. 

§  72.    Specs.  1110,  3079,  Washington  mine. 

Spec  1110  forma  a  true  **  trap  dyke,'*  and  therefore  its  eruptive  nature  is  beyond  all 
doubt. 

Plagioclase  forms  long,  small  rod-like  crystals,  and  is  rather  fresh  and  unaltered.  In 
these  specimens  also  a  little  orthoclase  is  present  Augite  is  already  a  little  decomposed, 
especially  on  its  fissures,  and  has  induced  the  formation  of  greenish  viridite.  An  in- 
serted substance,  which  has  not  been  individualized,  is  recognizable.  Apatite  is  abun- 
dant, and  forms  small  colorless  needles  of  0.009  millimetre  in  length,  which  ore  widely 
distributed  throughout  the  whole  rock.  Biotite  in  irregular  brown  folia,  which  show  a 
strong  dichroism,  is  very  frequent.  Magnetite  forms  small  octahedra,  and  a  little 
titanic-iron  is  also  recognizable.  Blood-red  hexagonal  folia,  which  are  not  rare  in  oc- 
currence, belong  to  hematite. 

§  73.    Spec.  2072.    Bed  XIX,  Wis.,  T.  33  N.,  R.  19  E.,  Sec.  12,  600  N.,  250  W. 

Augite  is  of  a  dark-green  color  and  forms  well- shaped  crystals.  Plagioclase  is  also 
present  in  distinct  crystals,  which  are  only  slightly  altered.  The  presence  of  a  sanidin- 
like  orthoclase  is  very  remarkable,  as  we  have  formerly  mentioned  (see  §  65).  Only  a 
few  vapor  cavities  are  recognizable  in  its  water-dear  substance.  Besides  titanic-iron 
we  observe  also  a  little  magnetite.    Apatite  is  not  of  unfrequent  occurrence. 

§  74.    Spec.  884.    Mich.,  L'Anse  Iron  Range,  T.  49  N.,  R.  33  W.,  Sec.  9,  S.  W.  qr. 

Augite  is  veiy  fresh  and  unaltered,  and  contains  many  vapor  cavities.  Hornblende 
forms  good  crystals,  which,  howcjver,  are  recognizable  by  their  dichroism  and  their  pris- 
matic cleavage,  shown  by  the  fissiures  which  cross  each  other  at  an  angle  of  124''  30.' 
This  specimen  is  a  totally  crystalline  one,  and  therefore  no  inserted  substance  is  percep* 
tible.  Plagioclase  forms  delicate  crystals  which  show  a  beautiful  twin-lamcllation  in 
polarized  light;  sometimes  agate-like  striation  is  recognizable.  This  mineral  contains 
many  microUtcs  of  apatite.  Titanic-iron  is  abundant  in  distinct  crystals.  Delicate  films 
of  hydrated  oxide  of  iron  occur  in  the  fissures  of  the  rock. 

8  75.    Specs.  1427, 1501.    Mich..  T.  47  N.,  R.  45  W.,  Sec.  18,  W.  line. 

Plagioclase  has  been  a  little  altered,  and  therefore  on  its  fissures  the  substanoo  has 
become  a  little  dull.  In  these  parts  no  iron-lamellation  is  recognizable  by  polarized 
light.  Augite  has  also  been  altered  a  little  on  its  fissures.  Its  substance  is  fibrous  and 
changed  into  viridite.  Titanic  iron  is  frequent,  and  we  also  find  a  little  magnetite  in 
sharply  defined  octahedra.  Biotite  in  brown  folia  has  also  been  a  little  altered.  The 
inserted  substance  is  brownish  and  globular  in  appearance. 

g  76.    Spec.  1659.    Falls  of  the  Sturgeon  river,  Mich. 

This  is  a  very  typical  spedmen.  In  a  thin  section  we  first  recognize  the  crystals  of 
plagioclase.  Tliey  are  0.35  millimetre  in  length,  and  of  0.1  millimetre  in  breadth.  They 
have  not  at  all  been  altered,  but  in  their  fissures  films  of  hydrated  oxide  of  iron  appear. 
The  substance  between  the  larger  crystals  of  plagioclase  consists  of  smaller  crystals  of 
augite,  plagioclase,  magnetite,  and  an  inserted  substance,  which  has  not  been  individu- 
Vol.  III.— 40 
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alized.  Aagite  is  of  a  yellowisli-greeii  color,  and  is  very  fresh.  Magnetite  is  abon- 
dant,  and  forms  distinct  octahedra.    Small  crystals  of  olivine  are  sometimes  present 

§  77.    Spec.  889.    Altered  diabase.   Mich.,  L'Anse  Iron  Range. 

We  find  augite  nearly  totally  changed  into  viridite.  The  latter  substance  is  greenish 
and  fibrous,  and  is  also  present  in  the  fissures  of  the  rock,  where  it  has  settled.  Thgto- 
claseis  dull  in  appearance,  in  consequence  of  its  decomposition.  Its  characteristic  twin- 
lamellation  is  only  recognizable  in  some  parts.  A  little  quartz  is  present  in  irregular 
grains,  which  contain  many  fluid  enclosures.  The  bubbles  of  some  are  movable.  lit- 
tle individuals  of  hornblende,  which  are  not  unfrequent,  have  also  been  partly  changed 
into  viridite.  In  the  viridite,  crystals  and  grains  of  yellowish-green  epidote  appear, 
which  are  the  results  of  new  production  in  viridite.  Titanic  iron  forms  distinct  crystals, 
which  have  been  altered  on  their  outlines,  into  a  greenish-gray  substance.  It  owes  iti 
green  bh  color  to  the  viridite,  which  probably  has  been  mixed  with  the  grayish- white 
substance. 

§  77.    Spec  3070.    Decomposed  diabase. 

The  whole  rock  has  been  nearly  totally  changed  into  viridite  and  its  fissures  have  also 
been  filled  with  this  substance.  The  plagioclases  which  have  kaolinized  represent! 
dust-like  substance,  which  is  greenish  in  consequence  of  the  presence  of  viridite.  k  the 
viridite,  new  formed  distinct  crystals  of  augite  appear,  while  no  trace  is  perceptible  d 
the  original  individuals  of  augite.  Besides  viridite,  calcite  is  also  present  in  the  fissures, 
and  has  been  formed  by  the  decomposition  of  the  oiiginal  augite.  It  is  colorless,  and 
often  shows  a  distinct  twin-lamellation  in  polarized  light 

§78.  Spec  1616.  Quartz  diabase.  BedVIII?,Mich.,  T.  39  N.,  R.  29  W.,Secl5, 
N.  W.  qr.  of.  N.  W.  qr. 

This  rock  specimen  is  remarkable  by  the  presence  of  many  quartz-grains.  In  their 
water-dear  substance  we  only  observe  a  few  fluid-enclosures,  but  numerous  colorless 
needles  of  apatite.  The  other  constituente  of  this  rock  are  much  decomposed.  Ihe 
substance  of  augite  is  recognizable  only  in  some  parts,  the  others  have  been  changed 
into  viridite.  Plagioclase  is  dull  in  appearance,  but  the  twin  lamellation  is  mostly 
easily  recognizable.  A  little  orthodase  is  also  present.  Titanic-iron  is  abundant,  but 
has  mostly  been  changed  into  the  well  known  grayish-white  substance. 

§79.  Spec.  2059.  Decomposed  diabase.  Bed  XVI,  Mich.,  T.  39  N.,  R.  30  W, 
Sec.  24,  900  N.,  850  W. 

This  whole  rock  has  been  totally  changed.  Neither  augite  nor  plagiodase  is  leco^ 
•  nizable.  In  consequence  of  the  decomposition,  viridite,  magnetite  and  caldte  appear. 
The  latter  mineral  espedally  has  filled  the  cavities  of  the  rock. 

§  80.    Spec.  821.    Decomposed  diabase.    N.  of  Northwestern  Hotel,  Marquette. 

Caldte  is  abundant  in  the  cavities  of  the  rock,  and  consequently  it  effervesces  with 
adds.  This  mineral  and  viridite  are  products  of  decomposition,  and  besides  these 
magnetite  in  veiy  small,  irregular  grains  also  occurs.  The  plagioclase  has  been  totall; 
decomposed.  In  the  viridite  numerous  small  blood- i^ed  folia  of  hematite  are  present. 
The  crystals  and  irregular  granules  of  titanic-iron  have  been  changed  into  a  grajish- 
white  substance  (''leucoxene*'),  but  the  remains  of  the  original  mineral  are  qnite 
recognizable. 

§  81.    Spec.  827.    Decomposed  diabase.    S.  of  Northwestern  Hotel,  Marquette. 

Augite  has  been  changed  into  viridite.  But  it  is  remarkable  that  crystals  of  aogite 
as  newer  products  are  present  in  the  viridite.  Blood-red  folia  of  hematite  and  small 
crystals  of  magnetite  also  occur  therein.  Plagiodase  is  quite  distinguishable,  its  sub- 
stance is  dull,  and  much  altered,  and  it  is  in  some  parts  of  a  greenish  color,  which  is 
produced  by  the  addition  of  viridite.  Biotite,  in  brown,  irregular  folia,  shows  the  be- 
ginning of  alteration.  'Htanic-iron  has  been  partly  changed  into  the  well  known  grajoh* 
white  substance.    Quartz  is  not  unfrequent    It  forms  small,  irregular  granules,  iHiidi 
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contain  small  fluid  enclosures.    Small  needles  and  prisms  of  apatite  are  distributed 
throughout  the  whole  rock.    The  cavities  of  the  rock  are  mostly  filled  with  caldte;  some- 
times the  interior  consists  only  of  this  mineral  while  the  exterior  consists  of  greenish 
yiridite. 
§82.    Spec.  ^79.   Decomposed  diabase.   Bed  XV?,  Mich.,  T.  40  K,R.  30  W.,  Sec. 

9,  100  N.,  2000  W. 

In  consequence  of  the  decomposition  of  this  rock,  the  greater  part  of  the  augite  has 
been  changed  into  viridite.  The  feldspar  constituent  has  been  kaolinized,  and  therefore 
it  is  represented  by  a  dull  substance.  Quartz  occurs  in  small  grains,  and  in  its  fissures 
some  greenish  viridite  has  sometimes  formed.  An  interstitial  substance  is  present,  and 
has  also  been  altered,  but  it  is  quite  recognizable.  Some  parts  of  the  rocks  are  filled 
with  brownish  clusters  of  hydrated  oxide  of  iron.  A  little  caldte  is  present,  which  has 
been  produced  in  consequence  of  the  decomposition  of  augite.  Some  crystals  of  augite 
occur  in  the  virdite. 

§  83.    Spec  996.    Diabase.    Mich.,  T.  51  N.,  R.  31  W.,  Sec.  28,  W.  of  Slate  river. 

This  rock  is  rather  fresh  and  unaltered.  The  crystals  of  augite  are  of  a  yellowish- 
green  color,  and  contain  many  small  rods  of  plagioclase.  All  crystals  of  plagiodase 
show  distinctly  the  characteristic  twin-lamellation  in  polarized  light  A  little  horn- 
blende is  present,  as  also  numerous  octahedra,  and  irregular  grains  of  magnetite.  The 
interstitial  sub3tance  has  been  squeezed  in  between  the  individuals  of  plagiodase  and 
augite. 

§  84.    Conclusions. 

1.  The  diabases  are  eruptive  rocks,  for  in  the  greater  number  of  the  varieties  an  in- 

terstitial substance  is  present,  which  is  amorphous  and  may  be  considered  as 
the  remains  of  the  original  igneous  fluid  magma. 

2.  The  microfluidal  structure,  which  is  recognizable  in  the  thin  sections  of  some  spec- 

imens, is  also  proof  of  the  eruptive  nature  of  the  diabase. 

3.  The  diabases  may  be  classified  into  diabase  (typical  varieties),  and  quartz-diabase. 

(The  third  dass  of  olivine  diabase  is  not  present  amongst  the  rocks  from  the  iron 
region  of  Lake  Superior.)  Olivine  and  quartz  do  not  generally  appear  together 
in  diabases. 

4.  In  consequence  of  the  decomposition  of  augite,  a  greenish  fibrous  *'  chlorite-like  ** 

mineral  appears,  called  viridite. 

5.  The  presence  of  calcite  is  accompanied  by  the  change  of  augite;  it  is,  however, 

possible,  that  calcite  may  appear  as  an  original  constituent.  This  mineral  es- 
pecially fills  up  the  fissures  and  cavities  of  the  diabases. 

6.  Epidote  and  augite  may  be  formed  from  the  viridite  as  secondary  products. 

7.  Titanic-iron  and  magnetite  are  essential  constituents  of  diabase.    They  appear 

together,  or  singly. 

8.  The  grayish-white  substance,  which  very  often  surrounds  the  crystals  of  titanic- 

iron,  is  an  altered  form  of  this  mineral. 

9.  The  feldspar  constituent  of  diabase  is  represented  by  plagioclase  (labradorite  or 

oligoclase);  a  little  orthodase  is,  however,  sometimes  present 

10.  Diabase  often  contains  hornblende.    By  a  gradual  addition  of  this  mineral,  transi- 

tions from  diabase  into  diorite  appear. 

§  85.    14.  Diorite. 

Diorite  is  generally  not  distinguishable  from  diabase  by  the  unaided  eye,  and  there- 
fore tlie  greater  part  of  the  greenstones  from  the  iron  region  of  Lake  Superior  have 
been  called  diorite.    However,  diorite  is  less  abundant,  in  all  countries,  than  diabase. 
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These  two  rocks  generally  show  the  same  composition  and  structure,  with  the  excepCkn 
that  hornblende  is  a  chief  constituent  of  diorite  and  that  augite  is  a  diief  conttztaent  cf 
diabase. 

In  diorite,  besides  plagloclase  and  hornblende,  titanic-iron,  magnetite,  qoariz,  apa- 
tite, augite,  caldte,  biotite,  etc.,  appear. 

Hornblende  is  of  a  green  color,  and  distinct  crystals  are  generally  not  recognizable. 
The  characteristic  cleavage  expressed  by  the  fissures  is  quite  perceptible,  and  also  a 
strong  dichroism  when  tested  by  a  single  nicols  prism.  We  observe  the  beginning  of 
decomposition  in  the  hornblende  in  most  cases,  and  virdite  the  chief  secondary  prodiKt» 
which  shows  the  same  properties  as  the  viridite  which  has  been  formed  in  conseqoeiioe 
of  the  change  of  augite  in  the  cose  of  diabase.  Biotite  is  often  associated  with  hora- 
blende,  and  more  or  less  abundant  in  the  different  specimens.  Quartz  is  generally  moce 
frequent  in  diorites  than  in  diabase,  and  a  little  quartz  occurs  in  most  of  the  ipecimeot. 

The  individuals  of  plagioclase  show  the  same  characteristics  as  in  diabase.  Ortbo- 
dase  occurs  in  greater  or  less  quantities,  but  is,  however,  only  an  accessory  conttitaeot 
The  crystals  of  augite  which  appear  in  diorite,  show,  generally,  the  bc^^inning  of  s 
change  into  hornblende,  and  therefore  sometimes  represent  a  mineral  called  **  uralite  " 
(Specs.  464, 192). 

Apatite  is  abundant  in  nearly  all  the  specimens.  In  sections  cut  perpandicularlj  to 
the  main  axis,  it  forms  sharply  defined  hexagons,  while  in  sections  parallel  to  the  maia 
axis,  it  forms  long  needles  and  prisms.  The  abundance  of  apatite  is  especially  diar- 
acteristic  of  hornblendic  rocks.  Calcite  has  been  formed  mostly  in  consequence  of  tbe 
decomposition  of  hornblende,  but,  however,  in  some  cases  we  can  establish  an  original 
formation  of  this  mineral. 

In  the  examined  specimens  of  diorite  no  trace  of  an  interstitial  substance  could  b.' 
recognized,  nevertheless  we  may  suppose  the  same  formation  in  diorito  as  in  diabase. 

In  the  following  8ec;ions  the  most  interesting  specimens  of  diorite  will  be  described. 

§  86.    Spec.  464.    Mich.,  T.  47  N.,  R.  26  W.,  Sec.  17,  S.  W.  of  N.  E.  qr. 

The  large  individuals  of  hornblende  show  distinctly  the  prismatic  cleavage  in  sections 
perpendicular  to  the  main  axis.  The  individuals  are  striated  in  sections  parallel  to 
the  main  axis.  The  substance  of  hornblende  is  dear,  except  in  those  parts  which  have 
been  altered.  Small  prisms  and  needles  of  apatite  and  a  little  magnetite  are  enclosed 
therein.  The  alteration  of  hornblende  takes  place  on  the  outlines  and  in  the  fissorei, 
and  the  new  formed  mineral  is  the  well  known  viridite.  Tliis  substance  prindpallj 
fills  up  the  cavities  of  the  rock.  Sometimes  it  seems  to  ba  homogeneous  in  oomraoo 
light,  but  by  crossed  nicols  it  shows  itself  to  be  composed  of  small  fibres.  In  the  viri- 
dite many  sharply  defined  crystals  of  augite  occur,  which  have  been  formed  out  of 
this  mineral  as  secondary  products.  Their  substance  is  very  clear  and  of  a  ydlovish 
green  color.  Caldte,  which  shows  distinctly  its  rhombohedral  deavage,  has  a  water- 
clear  substance,  and  is  milky-blue  in  appearance  by  polarized  Uc^i,  This  miDenl 
occurs  in  the  fissures  and  cavities,  and  has  also,  probably,  been  formed  by  the  deoam- 
position  of  hornblende. 

Plagiodase,  in  rod-like  crystals,  has  also  been  altered  a  little,  but  its  diaracteriitk 
twin-lamellation  is  quite  recognizable  by  crossed  nicols. 

Biotite  forms  irregular  brown  folia,  which  are  strongly  dichroitic  and  are  espediDj 
associated  vnth  hornblende. 

The  crystals  and  irregular  individuals  of  titanic  iron  have  baen  partly  changed  iato 
the  already  mentioned  grayish- white  substance.    A  little  magnetite  is  also  present. 

The  occurrence  of  original  augite  is  very  remarkable.  This  mineral  shows  the  be- 
ginning of  a  change  into  hornblende*  and  therefore  repres?nts  in  this  state  the  minenJ 
called  uralite.  The  original  forms  of  crystallization  of  au^^te  are,  however,  still  noog 
nizable.    It  is  very  curious,  that  in  one  part  hornblende  has  been  changed  into  vinditr. 
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and  this  mineral  into  auglte,  and  in  the  other  part  the  orifi^inal  aagits  has  been  changed 
mto  hornblende  (nralite). 

§  87.    Spec.  3075.    Diorite.    Light-House  Pomt  Quarry,  Marquette. 

Besides  the  chief  constituents,  hornblende  and  plagioclase,  a  little  quartz  is  also  pres- 
ent, which  forms  irregular  water-dear  graixus.  They  contain  many  fluid-enclosures, 
in  which  the  bubbles  often  mo?e  about.  Whenever  hornblende  is  not  represented  by 
distinct  cxystals,  it  is  quite  recognizable  and  is  only  a  little  altered.  Plagioclase  is  also 
rather  fresh,  and  its  twin-lamellation  appears  always  between  crossed  nicols.  Biotite 
forms  brown  irregular  folia.  Titanic-iron  is  abundant,  and  occurs  in  association  with 
a  grayish- white  substance.  Prisms  and  needles  of  apatite  pierce,  especially  the  indi- 
viduals of  hornblende,  in  every  direction. 

This  specimen  is  a  very  typical  one. 

§  88.  Spec.  37.  Diorite.  Bed  IV,  Mich.,  T.  47  N.,  R.  27  W.,  Sec.  29,  N.  W.  qr. 
of  S.  E.  qr. 

The  crystals  of  plagioclase  have  been  much  altered,  and  in  consequence  of  this,  its 
substance  is  dull.  The  characteristic  twin-lamellation  is  still  recognizable  only  in  some 
parts.  Hornblende  has  been  partially  changed  into  viridite,  and  in  the  latter  substance 
new-formed  crystals  of  augite  appear.  Biotite  in  irregular  folia  has  often  grown  to- 
gether with  hornblende.  Small  crystals  of  original  augite  are  present,  which  show  the 
beginning  of  a  change  into  uralite.  Apatite  is  not  unfrequent.  Titanic-iron  has  partly 
been  changed  into  a  grayish-white  substance.  Some  individuals  of  orthoclase  are  rec- 
ognizable. This  diorite  resembles  much  the  "  epidiorite  **  of  GQmbel  *  and  also  a  dio- 
rite from  Danemore  in  Sweoden,  according  to  a  personal  communication  from  Mr.  Tdrne- 
bohm. 

§  89.  Spec.  563.  Altered  diorite.  Mich..  T.  47  N.,  R.  26  W.,  Sec.  17,  N.  W.  qr. 
of  N.  W.  qr. 

Plagiodase  has  been  very  much  altered  and  in  its  fissures  viridite  has  formed.  Horn- 
blende shows  the  change  into  viridite,  but  in  some  parts  its  substance  is  fresh.  Titanic- 
iron  is  abo  decomposed  and  has  been  changed  for  the  greater  part  into  the  well  known 
gprayish- white  substance.    A  little  original  augite  is  present 

§  90.  Spec.  2098.  Diorite  porphyry.  Bed  XV,  Wis.,  T.  38  K.,  R.  21  E.,  Sec.  20, 
1800N,0W. 

This  rock  is  especially  characterized  by  a  groundmass,  which  consists  of  the  constitu- 
ents of  diorite,  and  in  which  large  crystab  of  feldspar  are  imbedded. 

These  cxystals  of  feldspar  are  very  much  decomposed.  Their  substance  is  dull,  and 
partly  filled  with  greenish  viridite,  which  substance  has  arisen  from  the  change  of  horn- 
blende. Nevertheless  w%  may  consider  these  individuals  of  feldspar  to  be  tridinic,  for 
in  some  places  the  twin-lamellation  is  still  recognizable  in  polarized  light. 

The  groundmass  consists  especially  of  hornblende,  the  alteration  of  which  has  been 
mentioned.  Plagioclase  is  less  abundant  and  also  altered,  like  the  larger  crystals.  A 
little  augite,  which  is  to  be  considered  as  an  original  constituent,  is  present. 

§  91.  Spec.  192.  Quartz  diorite.  Mich.,  T.  47  K.,  R.  27  W.,  Sec.  2,  N.  W.  qr.  of 
S.  E.  qr. 

Besides  plagioclase,  which  has  been  altered,  orthodase  appears.  The  latter  mineral 
occurs  either  in  single  ciystals  or  its  individuals  are  grown  together  with  quartz.  As 
regards  appearance  and  composition,  these  two  minerals  resemble  very  muca  the  so- 
called  *'la^iB  hebraicus/* 

Titanic-iron  has  been  changed  into  leucozene,  but  its  original  forms  are  quite  recog- 
nizable. Hornblende  is  much  decomposed,  and  in  consequence  of  its  change  viridite  is 
present.  In  the  latter  mineral  secondary  crystals  of  augite  occur.  Caldte  fills  up  the 
cavities  and  fissures  of  the  rock. 

1  Die  pAlKolithifchen  ErnpliTgettelne  det  Fichtelgeblrges,  Manchen,  1874,  p.  10. 
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§  92.    Spec.  1730.    Altered  diorite.    Qoany  near  Cleyeland  Dock,  Marquette. 

Hornblende  is  predominant  in  this  specimen,  bat  it  is  much  decomposed,  and  partly 
changed  into  vhrldite.  We  may  consider  the  presence  of  magnetite  as  partly  resolUng 
from  the  change  from  hornblende.  Its  appearance  points  to  such  a  formation.  Dr. 
Dathe  ^  has  already  mentioned  the  formation  of  magnetite  in  consequence  of  the  change 
from  augite.  Plagioclase  is  much  altered,  and  only  in  some  places  its  twin-lamellafcioQ 
is  still  recognizable.    Apatite  is  abundant. 

8  93.    Spec.  1726.    Diorite.    Quarry  near  Cleyeland  Dock,  Marquette. 

This  rock  b  a  little  altered.  Hornblende  is  represented  by  large  green  indiTidoaU, 
which  are  sometimes  composed  of  an  aggregation  of  small  microlites.  Hornblende  hv 
been  partly  changed  into  yiridite,  and  in  consequence  of  this,  the  latter  mineral  oocoo 
in  the  fissures  of  plagioclase,  which  has  also  been  a  little  altered.  A  little  orthodase  is 
present.  Titanic-iron  forms  fine  aggregations,  which  represent  the  hexagonal  forms  io 
their  composition.  Small  veins  of  caicite  occur,  which  contain  distinct  crystals  of  angite. 
The  secondary  origin  of  these  two  minerals  is  beyond  all  doubt 

§  94.    Spec.  1713.    Decomposed  diorite.    Quarry  near  Cleyeland  Dock,  Marquette. 

Plagioclase  is  totally  decomposed,  only  some  kaolinized  spots  point  to  the  former 
presence  of  this  mineral. 

Hornblende  has  been  nearly  completely  changed  into  yiridite  and  is  only  recognizaUe 
in  some  places.  We  obserye  the  formation  of  yellowish-crystals  of  epidote  in  the  Tin- 
dite.  Caicite  is  present,  and  has  also  been  formed  in  consequence  of  the  decomposition 
of  hornblende. 

Apatite  is  abundant  and  is  everywhere  wholly  unalterd. 

§  95.    15.  Gneiss: 

Gneisses  are  schistose  rocks,  which  generally  consist  of  quartz,  feldspar  and  mica. 
Instead  of  ihe  latter  mineral,  often  hornblende,  chlorite  or  sericite  appear.  In  conse- 
quence of  this,  we  distinguish  mica  gneiss  (common  gneiss),  hornblende-gneiss,  chlorite 
gneiss  and  seriate  gneiss. 

Feldspar  is  chiefly  repres  anted  by  orthoclase,  but  in  all  gneisses  a  little  plagioclase 
(oligodase)  is  present.  Quartz  always  forms  irregular  grains,  which  generally  are  com- 
posed of  smaller  ones,  which  appear  with  different  colors  in  polarized  light. 

Sometimes  a  groundmass  occurs  which  is  composed  either  of  quartz  or  of  feldspv, 
in  association  with  mica  or  hornblende.  Larger  individuals  of  quartz  and  feldspar  are 
imbedded  in  sudi  a  groundmass,  and  are  porphyritic  in  appearance. 

The  appearance  of  the  constituents  of  gneiss  may  vary: 

1.  Larger  individuals  of  quartz  or  feldspar  are  imbedded  in  a  quartzose  or  feldspathic 

groundmass,  which  also  contains  mica,  hornblende,  etc  (porphyritic  gneisses). 

2.  Single  individuals  of  quartz,  feldspar  and  mica,  or  hornblende,  compose  the  rock 

(typical  gneisses). 

3.  Irregular  small  individuals  are  aggregated.    In  this  aggregation  occur  numerooi 

dusters  and  single  individuals  of  mica  (Spec  2234). 

§  96.    a.  Mica  gneiss. 
Spec.  1641.    Possibly  Laurentian.    Mich..  T.  39  N.,  R.  28  W.,  Sec  8,  Falls  <rf  Stur- 
geon river,  Menominee  region. 

The  water-dear,  irregularly  shaped  quartz-graiiLS  are  filled  with  rows  of  fluid  cncloi- 
ures,  and  also  contain  numerous  long  bristle-like  microlites.  The  reddish  crystals  of 
orthoclase  have  been  much  altered,  and  in  consequence  of  this,  their  sul^tanoe  is  doll 
and  not  transparent.  Muscovite  occurs  in  colorless  scales  and  folia;  besides  this,  bioiite 
appears  in  brown  folia,  which  show  a  strong  dichroism,  and  are  therefore  easOy  distin- 
>  Zoltschrift  d.  DoaUchen  Geol.  Get.  1874,  p.  S9,  Vol.  XXII. 
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^ishable  from  those  of  muscovifce.  Magnetite  is  represented  by  large,  sharply  defined 
octahedra  of  0.12  millimetre  in  length  and  breadth,  which  are  irregularly  distributed 
t'lroughout  the  whole  rock.  Small  red  transparent  needles,  easily  perceptible  by  strong 
power,  also  occur,  and  they  may  possibly  belong  to  rutile. 

§97.    Sp3cl658.    Possibly  Laurentian.    Mich.,  T.  39  N.,  R.  23  W.,  Ssc.  8. 

This  rock  resembles  Spec.  1641.  The  quartz-grains  contain  many  fluid-enclosures  and 
microlites,  and  also  sharply  defined  rhombohedra  of  calcite.  The  orthodase  is  some- 
what decomposed,  and  reddish  in  appearance.  Among  the  mica  constituents  muscovite 
is  predominant,  but  is  associated  with  brownish  biotite.  They  form  a  felt-like  mass. 
Irregular  grains  of  magnetite  occur. 

§  98.  Spec  146.  Potphyritic  gneiss.  Bed  V.,  Mich.,  T.47  N.,  R.  26  W.,  Sec.  23, 
S.  W.  qr.  of  S.  W. 

The  groundmass  represents  a  compact  aggregation  of  scales  of  mica  and  small  grains 
of  quartz.  Therein  occur  some  larger  folia  of  muscovite  and  biotite.  Octahedra  and 
irregular  grains  of  magnetite  are  also  distributed  throughout  the  groundmass.  Mag- 
netite often  shows  the  beginning  of  a  change  into  hydrated  oxide  of  iron. 

The  boundaries  between  the  larger  mdividuals  of  quartz  and  feldspar,  and  the 
groundmass,  are  sharply  defined.  The  quartz  contains  many  fluid  enclosures,  irregular 
folia  of  muscovite,  biotite  and  magnetite.  Hydrated  oxide  of  iron  has  formed  in  its 
fissures.  The  individuals  of  feldspar  consist  of  an  aggregation  of  small  ones,  which 
are  grouped  together  in  different  directions.  Mica  and  magetite  are  inclosed  therein. 
The  greater  part  of  these  individuals  are  represented  by  orthodase,  but  sometimes  they 
consist  of  plagioclase,  whichj  shows  the  characteristic  twin-lamellation  between  crossed 
nicols. 

§99.  Spec.  2069.  Porphyritic  gneiss.  Bed  XV.,  Mich.,  T.  39  K,  R.  80  W.,  Sec.  8, 
N.  W.  qr. 

The  rounded  quartz  grains  are  filled  with  numerous  fluid-enclosures  and  small  needles 
of  apatite.  The  feldspar  constituent  is  especially  represented  by  orthodase,  which  con- 
tains many  small  prisms  and  folia  of  sahlite,  which  have  been  imbedded  generally 
parallel  to  the  plane  M.  In  its  fissures  a  greenish  chlorite-like  mineral  occurs.  The 
groundmass  is  especially  filled  with  scales  and  folia  of  muscovite  and  biotite.  Irregular 
black  dots  of  coal  (plumbago)  appear. 

§  100.  Spec  2231.  Gneiss.  Bed  XVI.,  Wis.,  T.  39  N.,  R.  18  E.,  Sec  19,  825  N., 
2000  W. 

The  greater  part  of  the  rock  consists  of  an  aggregation  of  small  quartz  and  feldspar 
grains,  with  much  brown  mica.  Single  folia  are  scattered  over  the  whole  substance,  but 
generally  they  are  aggregated  in  large  dusters.  The  presence  of  original  caldte  is  in- 
teresting. This  mineral  forms  irregular  grains,  showing  distinctly  the  rhombohedral 
deavage,  and  are  generally  aggregated.  These  aggregations  are  irregularly  distributed 
throughout  the  whole  rock,  and  lie  between  the  individuals  of  quartz  and  feldspar. 
Small  needles  and  crystals  of  magnetite  occasionally  appear. 

§101.    Spec.  944.    Gneiss.    Mich.,  T.  49  N.,  R.  33  W..  Sec.  16,  N.  side. 

The  individuals  of  feldspar  contain  a  reddish,  dust-like  substance  which  seems  to  be 
original.  They  also  contain  small  microlites  crossing  one  another  at  an  angle  of  60** 
and  colorless  folia  of  muscovite.  As  may  be  seen  in  polarized  light,  quartz  consists  of 
an  aggregation  of  small  grains  with  but  few  fluid  endosures.  The  mica  constituent  is 
only  represented  by  muscovite,  and  it  is  not  abundant 

Spec  1  resembles  this  rock,  only  quartz  is  more  abundant  and  a  little  garnet  appears. 

§  102.    b.  Hornblende-gneiss. 

Hornblende-gneiss  consists  of  hornblende,  quartz  and  feldspar.  The  latter  mineral  it 
generally  represented  by  orthodase,  in  association  with  which  a  little  plagiodase  occurs. 
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In  some  gneisses  the  feldspar  constituent  is  chiefly  pla^oclase.    Tha  tor  mer  w 
designate  as  syenite-gneiss,  and  the  latter  as  diorite-gneiss,  for  th9y  resembla  syenite 
and  diorite  in  relation  to  their  lithologlcal  composition. 

§  103.    b.  1.  Syenite- gneiss. 

Spec.  1762.    Mich.,  T.  42  N.,  R.  28  W.,  Sec.  32,  E.  line. 

Spec.  2120.    Bed  XIX,  Wis.,  T.  38  N.,  R.  20  E.,  Sec  8.  200  N.,  700  W. 

Spec  2211.    Bed  Xa?,  Wis.,  T.  39  N.,  R.  1*7  E.,  Sec  27.  500  N.,  1700  W. 

We  observe  in  thin  sections  parallel  to  the  schist  plane,  that  the  individoals  of  horn 
blende  are  not  placed  in  this  direction,  but  on  the  contrary  they  lie  confused  together, 
and  therefore  sections  of  hornblende  occur  which  are  cut  perpendicularly  and  othen 
which  are  cut  parallel  to  the  main  axis.  Distinct  crystals  of  hornblende  are  not  unfre- 
quent,  and  are  sometimes  pierced  by  colorless  needles  of  apatite.  The  indlTidoals  of 
hornblende  are  mostly  aggregated.  Biotite  appears  here  and  there  in  brown  folia, 
mostly  in  association  with  hornblende. 

Orthoclase  forms  no  distinct  crystals,  but  irregular  grains  —  the  outlines  of  which  can 
only  be  recognized  in  polarized  light.  ITie  individuals  are  always  very  fresh,  and 
unaltered,  and  therefore  they  are  sometimes  not  to  be  distinguished  from  those  of  quartz. 
Plagioclase  is  present  in  greater  or  less  quantities.  It  shows,  by  crossed  niools,  a  beau- 
tiful twin-lamellation,  according  to  the  freshness  of  its  substance.  Besides  apatite,  gen- 
erally a  Uttle  hornblende  is  enclosed  in  feldspar. 

The  general  habita<)  of  the  quartz  characterizes  it  as  an  original  constituent  of  the 
crystalline  schists.  The  water-clear  grains  consist  of  an  aggregation  of  smaller  ones,  a? 
may  be  seen  in  polarized  light.  Small  fluid-enclosures  occur,  also  some  microlites,  and 
small  prisms  of  hornblende.  Magnetite  occurs  in  small  irregular,  opaque  grains,  bat  in 
small  quantities.    In  Spec.  2120,  small  colorless  grains  of  sahlite  are  present 

§  104.  Spec.  [2105.  Porphyritic  hornblende  gneiss.  Bed  XIII,  Mich.,  T.  89  N., 
R.  30  W.,  Sec  14, 1350  N.,  1960  W. 

The  groundmass  consists  of  an  aggregation  of  small  irregular  grains  of  oitbodase, 
which  are  intermingled  with  small  prisms  of  hornblende.  The  latter  often  form  a  felt* 
like  mass.  Irregular  grains  of  titanic-iron  are  distribute!  throughout  this  groundmass. 
They  are  nearly  always  surrounded  by  the  grayish-white  substance,  which  has  arisen  in 
consequence  of  their  decomposition.  Wedga-like  crystals  of  titanite  sometimes  occur. 
Brown  foUa  of  biotite  are  also  present  in  the  groundmass.  In  the  fissures,  membranes 
of  hydrated  oxide  of  iron  appear. 

Larger  individuals  of  quartz  and  hornblende  have  been  imbed  led  in  the  groundman. 
Quartz  contains  many  fluid-enclosures;  in  some  of  which  a  cube  of  halite  oocnza,  and 
also  in  some  the  bubble  moves  about.  Small  prisms  of  hornblende  have  settled  into  the 
fissures  and  are  arranged  perpendicularly  to  them.  They  are  probably  of  eeoondaiy 
origin.  In  the  fissures  of  feldspar  some  prisms  of  hornblende  also  occur;  but  at  the 
same  time  in  its  substance  original  prisms  are  enclosed.  Plagiodase  is  rare  and  a  little 
apatite  is  present 

The  presence  of  aggregations  of  calcite  is  remarkable;  their  mode  of  occarrence  indi- 
cates clearly  that  they  are  original  constituents, 

§  105.    b.  2.  Diorite  gneiss. 

Spec  1757.    Mich.,  T.  42  N.,  R.  29  W.,  Sec.  28,  near  E.  qr.  post 

As  was  formerly  mentioned,  hornblende-gneisses  in  which  the  feldspar  oonsiitoeiit 

chiefly  consists  of  plagioclase,  are  called  diorite-gneiss.    They  have  no  relations  with 

diorite  as  to  their  structure  and  formation. 
Plagioclase  is  mostly  fresh  and  unaltered.    It  forms  irregular  graini,  tHiidi  abov 

d.stlncUy  the  chamcteristic  twin-lamellation  in  polarized  light    There  also  appear  in- 
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dividuals  which  are  twinned  according  to  the  Peridine-law,  and  in  consequence  of  this, 
we  observe  two  systems  of  twinned  individuals  which  cross  each  other  at  an  angle  of 
86^*40'. 

A  little  orthoclase  is  present,  but  its  substance  is  a  little  dull  in  consequence  of  the 
beginning  of  alteration. 

Quartz  forms  irregular  grains  which  are  composed  of  an  aggregation  of  smaller  ones. 
Numerous  fluid-enclosures  appear  in  its  water-clear  substance;  also,  small  microlites  are 
not  unfrequent. 

The  green  prisms  of  hornblende  show  perfectly  the  prismatic  cleavage,  and  in  sec- 
tions parallel  to  the  main  axis  they  are  striated.  They  often  enclose  in  their  substance 
again,  distinct  crystals  of  hornblende.  Biotite  is  present  in  brown  folia,  which  are 
strongly  dichroitic,  and  which  sometimes  are  regularly  grown  together  with  the  horn- 
blende prisms,  and  then  the  plane  of  junction  is  the  prism  face. 

The  individuals  of  hornblende  are  sometimss  perforated,  and  probably  in  connection 
with  this,  there  appear  tongs-shaped  fragments,  which  often  have  arranged  themselves 
so  as  to  radiate  from  the  quartz-grains.    It  is  also  possible  they  may  belong  to  mica. 

Small  irregular  grains  of  garnet  occur  in  this  gneiss. 

§106.    c.  Chlorite  gneiss. 

Spec  3003.    Mich.,  T.  48  N.,  R.  23  W.,  Sec.  30,  S.  W.  qr. 

Feldspar  has  much  altered  in  this  specimen;  only  fresh  places  are  sometimes  recogniza- 
ble by  the  aid  of  the  microscope.  For  the  greater  part  it  consists  of  orthoclase.  In  its 
substance,  by  a  strong  power  and  in  a  thin  section,  numerous  colorless  scales  of  a  mica- 
like mineral  appear.  These  scales  have  undoubtedly  been  derived  from  the  change 
from  orthoclase.  They  are  not  present  in  the  unaltered  parts,  but  occur  in  the  fissures, 
from  which  the  alteration  proceeds.  Plagiodase  is  recognizable  in  some  places  by  pol- 
arized light. 

The  large  water-clear  granules  of  quartz  contain  many  fluid-enclosures,  which  are 
distributed  through  its  whole  substance.  Some  colorless  microlites  also  appear.  All 
individuals  of  quartz  consist  of  aggregations  of  smaller  ones.  Membranes  of  hydrated 
oxide  of  iron  occur  in  the  fissures. 

Chlorite  is  lesa  abundant  than  the  before-named  constituents.  If  forms  small  irregu- 
lar green  scales  and  folia,  which  are  generally  aggregated  into  clusters.  Occasional 
folia  occur  in  the  quartz  and  feldspar. 

A  little  apetite  is  present  in  orthoclase^  and  small  individuals  of  hornblende  occasion- 
ally appear. 

§  107.    d.  Se^icite-gneiss, 

Spec.  2271.  Bed  XVI,  Wis.  Below  Sturgeon  Fall,  Menominee  Region,  T.  33  N  , 
R.  21  E.,  Sec.  27, 1230  N.,  850  W. 

This  rock  seems  to  have  been  formerly  a  **gray-wacke,"  which  has  been  changed 
now  into  sericite-gniess. 

The  chief  constituents  are  quartz,  orthoclase  and  sericite.  Quartz  occurs  in  irregular 
granules,  which  partly  contain  many  fluid- enclosures.  The  individuals  of  feldspar  are 
also  irregular,  and  sometimes  rounded.  They  are  much  altered,  and  are  dull  in  appear- 
ance. Many  folia  of  sericite  occur  in  a  quartzose  groundmass,  and  form  irregular 
aggregations  and  clusters.  On  the  physical  properties  of  sericite,  see  §  118.  Numerous 
rhombohedra  are  present,  which  for  the  greater  part  are  now  filled  with  brownish 
hydrated  oxide  of  iron.    It  is  probable  that  they  consisted  formerly  of  calcite. 

Some  green  folia  of  chlorite  occur  and  also  irregular  black  dots  of  coal  are  recogniza- 
ble.   A  dust-like  substance  is  widely  spread  over  the  whole  lock. 
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§  108.    16.  Mica-schist 

As  we  mentioned  in  §  5,  muscovite  and  biotite  constitate  the  mica-schiiti.  Both 
varieties  can  be  readily  distinguished  by  the  aid  of  the  microscope. 

Muscovite  is  always  present  in  the  form  of  small,  colorless,  irregular  folia,  which  ap< 
p3ar  in  bright  colors  in  polarized  light  In  it  no  dichroism  ii  recognizable.  This  mica 
is  itself  a  chief  component  of  some  schists  (Specs.  2239,  2222,  etc),  but  it  oocors  also  in 
schists  which  are  composed  essentiaUy  of  biotite. 

The  folia  of  biotite  are  always  recognizable  by  their  brown  color,  and  strong  dichro- 
ism. They  compose  the  greater  part  of  mica-schists,  and  they  are  also  abundant  in 
schists  which  chiefly  consist  of  muscovite. 

Quartz  is  a  very  important  constituent  This  mineral  generally  forms  aggregatioia 
with  which  the  folia  of  mica  are  interwoven.  Such  aggregations  represent  a  ground- 
mass  in  most  of  the  schists.  The  quartz-grains  are  very  small,  contain  but  few  fluid- 
enclosures,  and  their  outlines  are  only  recognizable  by  crossed  nicols.  In  some  mica- 
schists  larger  granules  of  quartz  are  present,  but  are  not  related  to  those  which  fonn  the 
groundmass. 

Instead  of  quartz,  calcite  or  feldspar  sometimes  forms  the  groundmass;  in  sudi  < 
these  minerals  also  consist  of  an  aggregation  of  small,  irregular  individuals.  No  ] 
schist  was  observed  which  consisted  of  an  aggregation  of  folia  of  mica  alone. 

Magnetite  is  abundant  in  all  specimens.  It  is  present  in  some  parts,  in  the  form  ci 
sharply  defined  octahedra — in  others  it  occurs  in  irregular  grains,  which  are  sometunes 
aggregated  into  clusters. 

Hornblende  in  the  form  of  green  acicular  prisms  k  not  nnfirequent  and  in  some  cases 
this  mineral  represents  a  chief  constituent. 

Green  folia  of  chlorite  are  often  associated  with  those  of  mica.  Some  individuals  of 
feldspar  occur  occasionally. 

The  presence  of  tourmaline  and  zircon  in  some  specimens  is  remarkable. 

§  109.    a.  Mica  schist, 

(In  which  the  mica  constituent  is  represented  by  muscovite.) 

Spec.  2058.    Bed  XVI,  Wis.,  T.  33  N..  R.  20  W.,  Sec  15, 1650  N.  0  W. 

Spec.  2222.    Bed  XVIII,  Wis.,  T.  39  N.,  R.  17  E.,  Sec  24, 150  N.,  1540  W. 

Spec  2225.    Bed  XVIII,  Wis.,  T.  39  N.,  R.  18  E.,  Sec  30. 

Muscovite  forms  irregular,  colorless  folia  in  sections  parallel  to  the  base,  which  are 
striated  in  sections  parallel  to  the  mam  axis.  *  They  appear  in  bright  colors  in  each 
position  by  polarized  light.  Aggregations  of  irregular  quartz  grains  form  the  ground- 
mass.  Some  large  individuals  contain  many  fluid-enclosures.  In  Spec  2222  irregular 
grains  of  calcite  are  recognizable,  and  compose  the  groundmass  in  assodatiom  with 
quartz.    Brown  folia  of  biotite  are  not  nnfrequent    Magnetite  is  rare  in  occofreiioe. 

The  abundance  of  small  crystals  of  zircon  is  remarkable.  This  mineral  gemvaUy  fenns 
small  reddish-brofm  prisms,  sometimes  with  a  pyramid  at  the  ends.  Twin-aystak. 
where  the  plane  of  junction  seems  to  be  2  P.  occur.  It  may  be  mentioned,  that  aystak 
twinned  according  to  this  law  never  were  observed  in  zircon  by  the  naked  eye.  Many 
individuals  of  this  mineral  have  been  cramped  in  development  and  therefore  they  show 
no  distinct  forms  of  crystallization.  The  individuals  have  mostly  formed  parallel  to  the 
schist-plane  and  are  often  aggregated. 

§  110.    Spec  2239,  Wis.,  T.  39  N.,  R.  18  E.,  Sec  22,  400  N.,  1350  W. 

Spec.  442,  Bed  V,  Mich.,  T.  47  N.,  R.  26  W.,  Sec  22,  S.  W.  qr.  of  S.  W.  qr. 

Ihe  folia  of  muscovite  have  all  formed  parallel  to  the  ichist-plane.  The  groondmiM 
consists  of  an  aggregation  of  small  quartz-grains.  Biotite  is  abundant,  but  in  genend 
no  single  folia  occur,  its  brown  folia  being  aggregated  in  dusters.    The  individnah  ci 
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biotite  are  always  larger  than  tBose  of  nmscovite.  Magnetite  is  single  black  grains  is 
disseminated  throaghout  the  whole  rock.  In  Spea  2239  small  grains  of  tourmaline  are 
present. 

§  111.  Spec.  1085.  Quartzose  mica  schist  Bed  XIV,  Mich.,  S.  W.  of  the  old 
Washington  mine. 

Quartz  appears  in  the  form  of  large  rounded  granules,  in  the  water-dear  substance 
of  which  are  numerous  fluid-enclosures,  some  being  provided  with  a  movable  bubble. 
The  quartz  grains  contain  many  sharply  defined,  blood-red  hexagonal  folia  of  hematite. 

We  observe  muscovite  and  hematite,  parallel  to  the  schist-plane;  and  cementing  the 
larger  grains  of  quartz.  Hematite  occurs  in  rather  long  grains  and  folia,  which  are  gen- 
erally not  transparent.    Biotite  is  to  be  recognized  by  the  brown  color  of  its  folia. 

§  112.    b.  Mica-schist. 

(The  mica  constituent  bemg  represented  by  biotite). 

b.  1.  Mica- schist  (typical  varieties,) 

Spec.   827.    Mich.,  T.  47  N.,  R.  28  W.,  Sec.  13,  S.  W.  qr.  of  N.  W.  qr. 

Spec.  2162.    Bed  XIX^T.  42  N.,  R.  32  W.,  Sec.  35,  S.  W.  qr.,  Paint  Portage. 

Spec  2163.    Bed  XIX,  T.  42  N.,  R.  32  W.,  Sec.  35,  S.  W.  qr.,  Paint  Portage. 

These  specimens  are  chiefly  composed  of  biotite  and  quartz. 

The  angular  and  irregular  quartz-grains  represent  in  their  aggregation  the  ground- 
mass  of  the  rock.    Minute  fluid-enclosures  appear  in  their  water-dear  substance. 

The  brown  folia  of  biotite  are  interwoven  with  this  groundmass,  and  are  often  aggre- 
gated in  clusters.    Muscovite  is  not  frequent  in  occurrence. 

Magnetite  is  irregularly  distributed  throughout  the  whole  rock,  in  sharply  defined 
octahedra,  or  irregular  grains. 

In  Spec.  2162  some  green  folia  of  chlorite  appear,  and  also  some  small  prisms  of 
tourmaline. 

§  1 1 3.    b.  2.  Magnetic  mica-achist. 

Spec.  1101.    Washington  mine. 

Spec  1102.    Washington  mine. 

Spec  2087.    Mich.,  T.  41  N..  R.  30  W.,  Sec  6,  S.  E.  cor. 

These  specimens  are  similar  to  the  before-named  (§  112),  but  they  are  filled  with 
numerous  crystals  and  grains  of  magnetite.  In  sections  cut  perpendiculai'ly  to  the 
sdiist-plane,  we  observe  some  bands,  which  only  consist  of  an  aggregation  of  such  in- 
dividuals of  magnetite. 

§114*    b.  3.  Homblet%dic  mica-schist. 

Spec.  2212.    Wis.,  T.  40  N.,  R.  17  E.,  Sec  35, 1475  K,  900  W. 

The  small  prisms  of  hornblende  are  visible  to  the  naked  eye,  and  are  porphyritic  in 
appearance. 

The  groundmass  of  this  schist  consists  of  angular  small  grains  of  quartz.  The  chief 
constituent  is  biotite.    Its  irregular  brown  folia  are  imbedded  in  the  groundmass. 

The  hornblende  prisms  are  distributed  through  the  whole  mass  in  every  direction, 
and  lie  with  regularity  parallel  to  the  schist-plane.  They  are  mosUy  of  a  bright-green 
or  bluish  green  color,  and  show  a  distinct  dichroism.  Sharply  defined  crystals  do  not 
occur;  its  prisms  are  ragged  and  uneven,  as  is  the  case  in  nearly  all  crystalline  schists 
in  which  hornblende  appears  as  a  constituent.  Sometimes  the  prisms  have  broken  into 
several  pieces.  The  individuals  of  hornblende  are  intermingled  with  those  of  biotite, 
but  the  latter  are  more  abundant.  The  former  are  striated  in  sections  parallel  to  the 
main  axis.     In  sections  perpendicular  to  the  main  axis,  the  diaracteristic  angle  of 
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12V  3(y  made  by  the  two  prism  faces  is  quite  recognizable.  The  orthopinaooid  oo  Poo 
appears  in  combination  with  the  prism.  Small  needles  of  apatite  appear,  but  are  not 
freqaent    A  little  magnetite  is  also  present,  and  some  calcite 

§  115.    b.  4.  ChlorUic  mica'scliist. 

Spec.  2254.    Mich.,  T.  39  N.,  R.  29  W.,  Sec  16. 1700  N.,  80  W. 

The  greater  part  of  the  groundmass  is  represented  by  an  aggregation  of  small 
quartz-grains,  but  carbonate  of  lime  also  takes  a  share  in  it.  The  larger  grains  of  cal- 
cit<^  here  also  show  instances  of  a  distinct  twin-lamellation. 

Brown  folia  of  biotite  are  intermingled  with  green  folia  of  chlorite  without  regular- 
ity, but  the  former  mineral  predominates. 

The  forms  of  aggregation  of  magnetite  in  this  schist  are  remarkable.  Its  octahedra 
have  grown  together  in  one  direction,  and  perpendicularly  to  these,  similar  octahedra 
are  aggregated.  In  this  manner  tree-like  aggregations  are  formed,  which  appeanmoe 
generally  characterizes  tiie  magnetite  of  such  rocks  as  basalt,  diabase,  etc  Besides 
these,  grains  of  magnetite  appear  in  this  rock,  aggregated  in  irregular  clusters. 

§  116.    b.  5.  Feldspathic  mica-schist. 

Spec  2090.    Bed  XIX,  Wis.,  T.  40  N.,  R.  19  E.,  Sec  18,  750  N.,  1.000  W. 

In  all  the  before  mentioned  specimens,  aggregations  of  quartz  chiefly  formed  the 
groundmass.  It  is  feldspar  which  composes  a  groundmass  in  this  schist.  Its  small  in- 
dividuals show  already  the  beginning  of  decomposition,  and  in  consequence  of  this  fwd, 
they  are  easily  to  be  recognized.  The  feldspar  is  especially  represented  by  orthodase, 
but  a  little  plagiodase  also  occurs.  A  litUe  calcite  is  also  present  in  irregular  grains,  but 
quartz  is  rare.  Biotite  forms  small  brown  folia  which  have  formed  parallel  te  the  schist 
plane.  Magnetite  is  abundant,  and  some  larger  crystals  of  orthodase  oocor,  which 
are  sometimes  twinned  according  to  the  Carlsbad  law. 

§  1 1 7.    b.  6.  Calcareous  mica-schist. 

Spec  2255.    Mich.,  T.  39  N.,  R.  29  W..  Sec.  16, 1690  N.,  30  W. 

We  may  properly  mention  also  in  this  class  Specs.  2212  and  2254,  bat  Uie  lithological 
characters  of  these  schists  are  expressed  by  other  constituents. 

The  larger  individuals  of  caldte  show  a  distinct  twin-lamellation,  which  is  not  the 
case  with  the  smaller  ones.  Such  rocks  represent  the  transition  from  mica-schist  into 
limestone  (compare  §  37). 

Biotite  is  the  chief  constituent,  and  besides  this  some  folia  of  green  chlorite  occur. 
A  littie  muscovite  appears  in  the  form  of  colorless  folia.  Quartz  with  some  floid- 
endosures  is  not  unfrequent,  and  magnetite  is  present  in  black  irregular  grains. 

Spec  1100  from  Washington  mine  is  a  calcareous  mica-schist 

§118.    17.  Sericite^hist 

Spec  2071.    Bed  XIV,  Mich.,  T.  89  N.,  R.  SO  W.,  Sec  8,  N.  W.  qr. 

Spec  2077  from  a  test-pit  near  the  center  of  soutii  line  of  Sec  25,  T.  40.  R.  31,  Mich. 

List '  named  in  1850,  the  hitherto  so-called  chlorite  or  talc-schists  from  Taunos  on  the 
Rhine,  "  seriate -sdibt*'  It  is  composed  of  a  scaly  mineral,  with  a  silky  luster — micm- 
like  or  damourite-like  in  structure.  Color,  yellowish- white  or  leek-green.  Stnak,  diity- 
white.  Before  the  blow-pipe,  thin  scales  are  opened,  and  they  are  fusible  in  ttnog 
heat  to  a  grayish-white  enamd.  With  fluxes  seriate  giv(^  the  reaction  of  iron.  Sp. 
Gr.  2.8;  hardness  1.  A  chemical  analysis  of  seridte  from  "  Nerothal  near  Weisbaden  " 
gave: 


>  Jahrbach  d.  rer.  f.  Natnrkande.    Horsslh.  Ktttaa  1850,  p.  1S8,  and  18S3,  p.  IS. 
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SiO«  49.00,  Al«0«  23.65,  FeO  8.07,  MgO  0.94,  CaO  0.63,  NaO  1.75,  KO  9.11.  HO 
3.41,  TiO«  1.39,  Si  F  1.60. 

Sehcite  belongs,  with  regard  to  its  composition,  to  potash-mica,  and  Naumann '  men- 
tions this  mineral  in  that  place.  Dana^  places  sencite  with  the  hydrous  siUcates,  espe- 
cially with  damourite. 

It  is  beyond  all  doubt  that  scricite  is  a  distinct  mineral  with  regard  to  its  microscop- 
ical structure.  It  represents  principally  an  essential  constituent  of  sericite-schists  and 
gneisses. 

Sencite  appears  in  the  form  of  scaly  folia  with  a  fibrous  structure.  By  this  structure 
it  is  quite  distinguishable  from  mica,  but  it  is  a  little  similar  to  the  structure  of  talc. 
The  scales  are  generally  not  isolated  from  the  rock-substance,  but  are  mostly  aggregated. 
These  aggregations  represent  sometimes  a  felt-like  mass.  The  dichroism  of  sericita  is 
very  feeble,  and  often  not  to  be  recognized. 

Sericite  does  not  form  any  crystals  as  constituents  of  sericite-schist.  I  have  only  once 
observed  rhombic  folia  of  this  mineral  in  an  augite  schist  from  Rauenthal  in  Taunus, 
the  prism  angle  of  which  was  about  125*,    This  is  very  nearly  that  of  muscovite. 

Quartz  is  a  chief  constituent  of  sericite-schist  It  forms  partly  a  groundmass  with 
which  the  silky  scales  are  interwoven,  and  partly  appears  in  the  form  of  water-clear 
granules,  the  outlines  of  which  are  generally  rounded.  The  scales  of  sericite  accumulate 
on  the  outlines  of  quartz. 

These  larger  quartz-grams  are  filled  with  numerous  fluid-enclosures,  which  are  ar- 
ranged in  rows,  but  they  are  absent  from  others.  This  fact  agrees  with  the  observation 
made  by  Sorby  •  in  the  quartz  of  some  mica-schists.  This  author  from  this  fact  formed 
the  probably  correct  opinion  that  the  origin  of  these  quartz  grains  was  different 

We  often  find  numerous  scales  and  folia  of  sericite  in  the  form  of  rows  enclosed  in 
quartz-grains,  which  at  the  first  moment  induces  the  belief  that  they  were  enclosed 
simultaneously  with  the  ciystallization  of  quartz.  This  is  by  no  means  the  case,  for 
between  crossed  nicols  we  observe  that  quartz  appears  with  a  one  colored  figure.  The 
quartz  grains  are  crossed  by  small  veins  of  quartz  of  secondary  origin  and  these  form  an 
aggregation  of  smaller  grains,  as  may  be  seen  by  polariz3d  light,  and  with  these  aggre- 
gations the  folia  of  scricite  are  interwoven.  Sericite  only  occurs  in  secondary  quartz 
and  therefore  it  is  also  of  secondary  origin. 

The  groundmass  of  sericite-schist  consists  of  an  aggregation  of  very  small  quartz- 
grains  in  which  the  minute  scales  and  folia  of  sericite  appear.  It  is  remarkable  that 
the  sericite  is  always  inseparably  united  with  quartz.  Sericite  never  occurs  isolated  in 
these  schists,  hence  the  amount  of  silica  is  always  higher  in  the  analysis  than  it  probably 
should  be.  Regarding  these  facts,  the  chemical  composition  of  sericite  is  very  similar 
to  that  of  muscovite. 

The  scales  and  folia  of  sericite  are  generally  irregularly  distributed  through  the 
quartzose  groundmass,  but  sometimes  they  show  an  aggregation  in  the  form  of  zones, 
by  which  parts  rich  in  sericite  alternate  with  others  which  contain  but  little.  In  some 
specimens  the  folia  oh  sericite  finally  surround  the  grains  of  quartz  in  the  form  of  radi- 
ated aggregations 

The  abundance  of  well-shaped  rhombohedra,  having  the  form  of  calcite,  is  remark- 
able. They  consisted  probably  of  carbonate  of  lime,  but  now  no  trace  of  this  mineral 
is  perceptible.  The  original  mineral  has  been  dissolved  out,  leaving  the  cavities,  which 
are  often  filled  with  hydrated  oxide  of  iron.  The  latter  substance  occurs  also  in  the 
fissures  of  the  rock. 

Tourmaline  is  not  unfrequent  in  occurrence.    It  forms  small  prisms  of  a  bluish-gray 

1  Elcmente  d.  Mlnoralogie    Leipzig,  1874,  p.  433. 

•  A  system  of  Mincralosy,  5th  ed.  p.  487. 

>  Qoart.  Journal  of  the  Qeol.  Soc,  16C3,  p.  401. 
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color,  which  axe  strongly  dichromatic  when  tested  by  a  single  nicols  prism.    These  small 
individoals  are  sometimes  broken  up  into  several  pieces  (see  §  26). 

The  stmctore  of  sericite-schists  difiPers  from  that  of  the  oUier  so-called  "  ccygtalliDe- 
schists,"  as  already  mentioned.    We  are  enabled  to  determine  the  origin  of  these  rocks 
by  microscopical  investigations.    The  result  of  such  study  indicates  beyond  all  doubt 
that  the  seridte-schists  were  originally  fragmental  rocks,  and  were  brought  into  this 
crystalline  state  by  metamorphism.    We  need  not  go  into  further  details  on  this  point, 
but  give  oidy  the  principal  facts  which  prove  the  original  fragmental  state. 
a.  The  occurrence  of  rounded  grains  of  quartz,  which  have  the  form  of  pebbles. 
h.  The  granules  of  quartz  are  filled  with  numerous  rows  of  fluid  enclosures,  which 
break  oS  suddenly  on  the  outlines,  which  is  not  the  case  with  the  quartz  of 
granite,  gneisses,  etc.    In  these  and  other  crystalline  rocks,  the  rows  of  the  fluid 
enclosures  ramify  into  the  most  irregularly  shaped  quartz  grains. 

c.  Thero  are  grains  of  quartz  which  oont^  numerous  fluid  enclosures,  and  otbext 

that  contain  almost  none.'    Probably  these  grains  originally  came  from  difleient 
rocks. 

d.  The  grains  of  quartz  are  often  surrounded  by  radiating  folia  and  scales  of  seriate, 

as  is  the  case  in  real  fragmental  rocks,  such  as  sandstones  and  day  slates.    Hut 
has  been  proved  several  times  by  Dr.  ZirkeL' 

e.  Broken  prisms  of  tourmaline  are  often  found.    The  pieces  which  belong  to  each 

other  are  generally  observed  dose  together. 
/.  A  dull,  dirty  dust  is  present  in  all  seridte-schists,  which  probably  is  the  teznains  of 

the  fragmental  substance. 
g.  Rhombohedra  occur,  such  as  are  sometimes  present  in  fra5fmental  rocks,  whidi  are 
entirely  wanting  in  crystalline  ones.     They  very  likely  represent  former  crys- 
tals of  calcite.    After  the  lixiviation  of  the  latter  mineral,  the  crystal  spaces 
aro  filled  partly  or  entirely  with  hydrated  oxide  of  iron. 
The  above  named  facts  show  that  at  the  formation  of  these  rocks,  m3chanical  f6it:et 
were  at  work,  as  proved  by  the  presence  of  rounded  quartz-grains,  and  broken  cryBtaU 
of  tourmaline,  quits  similar  to  the  state  in  which  these  minorals  are  found  in  real  frag- 
mental rocks,  for  instance,  in  sandstones  and  day  slates.    On  further  investigation  we 
are  able  to  prove  that  seriate  is  of  secondary  origin.    This  mineral  is  present  only  in 
the  groundmass;  and  folia  of  it  also  occur  in  the  fissures  of  the  grains  of  quartz,  or  in 
small  quartz-veins  which  cross  the  original  quartz-grains. 

The  occurrence  of  the  rhombohedel  pseudomorphs  in  the  seridte-ochists  is  of  the 
same  significance.  It  seems  that  the  process  has  been  such,  that  a  change  in  the  cement 
of  the  origmal  rock  has  taken  place,  with  the  formation  of  a  crystalline  substance 
(quartz-groundmass  and  sericite).  Through  this  metamorphism  the  rhombohedra  of 
calcite  have  been  preserved  without  being  damaged.  In  the  second  change  the  lixvia- 
tion  has  taken  place  by  fluids,  which  contained  carbonic  acid.  This  is  the  reason  of 
the  preservation  of  the  crystal  shapes.  These  rhombohedral  cavities  would  serve  now 
as  a  place  for  the  accumulation  of  the  hydrated  oxide  of  iron,  which  has  entered  by 
fissures.  In  consequence  of  this,  fissures  aro  still  found  inside  the  rocks,  with  brown 
films  and  amorphous  masses  of  hydrated  oxide  of  iron. 

We  can  finish  these  examinations  with  a  last  look  at  the  occurrence  of  scridtc-schists 
in  other  countries  and  a  glance  as  to  the  age  of  these  schists. 

The  seridte-schists,  after  having  been  observed  in  Taunus,  were  found  by  Lipoid  ■  in 
the  Salzburger  Alps.    TOmebohm*  proved  the  occurrence  of  seridte  in  the  "halle- 


>  Sorb  J  in  Qiurtorlj  Joamtl  of  the  Geol.  Soc,  1853,  p.  401. 

•  Pogg.  Ann.  C,  XLIV,  p.  81© 

•  Jahrb.  d.  geol.  RolchstntUIt,  185U  PP.  01,833. 
4Nea?s  Tahrb.  f.  Mlnoralogle,  18:4,  p.  141. 
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flinta  ^'  of  Sweden.  In  many  parts  of  the  Alps,  In  the  Fichtelgebirge  and  in  the  Hartz 
mountains,  rocks  of  this  description  are  present. 

The  antiquity  of  the  sericite  rocks  was  proved  in  nearly  all  places,  and  it  is  remarka- 
ble that  these  interesting  rocks  have  been  also  observed  in  the  iron  region  of  Lake  Supe- 
rior. 

Spec  2071  has  been  described  by  Dr.  H.  Credner»'  in  his  paper  on  the  rocks  of  the 
upper  peninsula  of  Michigan,  as  talc-schist.  Many  sericite-schists  are  called  by  this 
name,  for  they  agree  slightly  with  regard  to  their  physical  properties  with  talc-schist 
Tourmalme  is  especially  abundant  in  Spec.  2077. 

§  1 1 9.    18.  Ampbibolite. 

The  group  of  amphibolite  comprises  all  rocks  which  belong  to  the  "  crystalline- 
schists  "  which  chiefly  consist  of  a  homblendic  mineral.  The  most  abundant  are  actin- 
oUte  and  the  common  hornblende  (amphibole). 

§  120.    a.  ActinoUie-schist, 

A.  L    Spec.  2198.    Wis.,  T.  40  K,  R.  17  E.,  Sec.  34,  1735  K,  950  W. 
Spec  2238.    Wis.,  T.  39  N..  R.  18  E..  Sec  28,  1330  N..  1050  W. 

These  two  specimens  represent  typical  actinolite-schists.  ActinoUte  forms  colorless 
prisms,  the  ends  of  which  are  ragged  and  uneven  in  sections  parallel  to  the  main  axis. 
Sections  ait  parallel  to  the  base  are  not  frequent,  but  show  perfectly  the  angle  of 
124*  30*  made  by  the  two  prism  faces. 

The  prisms  have  mostly  formed  parallel  to  the  schist-plane,  but  in  this  plane  they 
lie  confusedly  together  in  all  directions,  and  the  prisms  are  often  cracked  and  broken. 
The  cxystals  are  fissured  parallel  to  the  main  axis,  but  fissures  also  appear,  which 
cross  the  individuals  in  every  direction.    An  alteration  proceeds  from  the  latter. 

But  few  minerals  appear  enclosed  in  actinolite.  Some  small  brown  folia  can  be  seen 
belonging  to  an  unknown  mineral,  identical  with  those  which  occur  in  diallage.  The 
abundance  of  ziTXX)n  is  remarkable,  which  mineral  forms  prisms  of  0.1-0.2  millimetre 
in  length.  These  small  prisms  are  sometimes  aggregated  in  clusters.  The  individuals 
are  brownish-yellow  in  color. 

In  Spec.  2198  some  oystals  of  greenish  hornblende  occur,  which  can  be  easily  dis- 
tinguished from  those  of  the  colorless  actinolite. 

The  gtoundmass  in  which  the  individuals  of  actinolite  are  imbedded,  consists  generally 
of  an  aggregation  of  small  quartz-grains  and  a  pale-green,  foliaceous,  chlorite-like 
mineraL  The  broken  individuals  of  actinolite  have  been  cemented  by  the  same  sub- 
stance. 

§121.    a.  2.    Magnetic  actinolite  schist. 

Spec.  221.    Mich.,  T.  47  N.,  R.  37  W.,  Sec.  13,  N.  E.  qr.  of  S.  W.  qr. 

A  compact  rock,  the  constituents  of  which  are  only  recognizable  by  the  aid  of  the 
microscope. 

It  consists  of  an  aggregation  of  colorless  small  individuals  of  actinolite,  in  association 
with  which  magnetite  occurs.  A  groundmass  is  not  present,  and  with  the  exception  of 
magnetite  this  rock  represents  a  pure  actinolite-scliist.  The  small  prisms  lie  confusedly 
together,  and  therefore  in  a  thin  section  we  observe  sections  of  these  minerals  cut  parallel 
and  perpendicularly  to  the  main  axis.  The  prismatic  cleavage  in  the  latter  is  always 
quite  recognizable.  Magnetite  is  frequent  in  occurrence.  It  forms  single,  small,  opaque 
octahedra,  or  its  individuals  are  aggregated  in  clusters.  In  consequence  of  the  begin- 
ning of  decomposition,  some  crystals  are  surrounded  by  brownish  hydrated  oxide  of  iron, 

>  ZeiUchrift  d.  deatich.  geol.  Get.  1869,  p.  629. 
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§  122.    a.  3.  Magnetic  actinolite  schist. 

Spec   808.    Mich.,  T.  47  N.,  R.  27  W..  Sec.  13,  N.  E.  qr.  of  S.  W.  qr. 

Spec.  1116.    Mich.,  N.  E.  of  Champion  Mine. 

Spec.  1155.    Mich.,  T.  48  N.,  R.  30  W..  Sec.  25. 

Spec.  2241.    Bed  XV,  Wis.,  T.  39  N.,  R.  18  E.,  Sec.  28, 1500  N..  1050  W. 

These  spedmens  are  very  similar  to  Spec.  221  (Sec.  121);  but  actinolite  forms  here 
only  small,  colorless  needles  in  aggregations,  which  lie  parallel  to  the  achisi-plaiie. 
They  are  intermingled  with  small  grains  of  magnetite,  which  compose  altematiii^  bandi 
within  the  rock.  Magnetite  has  been  changed  into  hydrated  oxide  of  inm  in  some 
places.  Julien*  has  designated  Specs.  1116  and  1155  as  "magnetic  anthophylHte 
schist,*'  but  as  we  formerly  mentioned,  this  constituent  must  be  considered  to  be  actin- 
olite. 

§  123.    a.  4.  Magnetic  actinolite  schist. 

Spec.  177.  Sharply  defined  colorless  prisms  of  actinolite  have  formed  in  a  felt-like 
groundmass  of  small  needles  of  actinolite.  The  yellowish-brown  color  of  this  groimd- 
mass  proceeds  probably  from  hydrated  oxide  of  iron.  The  crystals  of  actin<^te  contain 
much  magnetite;  sometimes  their  outlines  consist  of  this  mineral  and  sometimes,  even, 
the  crystals  consist  partly  of  magnetite.  Magnetite  is  also  abundant  in  the  gnnmdmisa 
where  it  occurs  in  large,  sharply  defined  octahedra. 

§  124.    b.  Hornblende  rock  and  schist. 

These  rocks  are  composed  of  green  individuak  of  hornblende,  in  associatioa  with 
which  occur  quartz,  feldspar,  calcite,  magnetite,  titanic  iron,  apatite,  etc 

Although  we  may  generally  consider  the  schistose  structure  of  the  hornblende-sdusti 
as  having  its  origin  in  the  arrangement  of  the  hornblende  prisms  which  lie  panilkl  to 
their  main  axis,  it  is  not,  however,  alwajrs  the  case.  In  consequence  of  this,  we  often 
observe  in  thin  sections  parallel  to  the  schist-plane,  sections  which  are  cut  perpendicularlj 
to  the  main  axis  of  the  prisms. 

The  microscopical  structure  of  hornblende-schists  generally  agrees  with  that  of  mk»- 
schists.  A  groundmass  is  usually  present,  which  consists  either  of  an  aggregatkm  at 
small  grains  of  quartz,  or  of  feldspar  or  calcite.  Besides  these,  homblende-sdiistB 
appear  which  are  composed  only  of  hornblende-prisms  and  in  which  no  groondmaas  is 
recognizable. 

The  hornblende-rocks  are  only  to  be  distinguished  from  hornblende-schists  by  their 
massive,  non- schistose  structiure.  With  regard  to  their  composition,  and  the  structure 
of  their  constituents,  they  are  wholly  similar  to  hornblende-schists. 

Apatite  is  not  very  frequent;  its  appearance,  however,  like  that  of  titanite,  is  diar- 
acteristic  of  hornblende  rock.    Magnetite  and  iitanic-iron  are  abundant. 

llie  hornblende-rocks  and  pchists  which  are  only  composed  of  individuals  of  horn- 
blende or  in  which  the  groundmass  represents  an  aggregation  of  quartz-grains,  are 
called  simply  *'  hornblende-schists  or  rocks,*'  and  these  will  be  described  in  §§  12>-130. 

§  125.    b.  1.  Uomblende-schist  and  rock. 

Sec  1752.  Hornblende-schist.  Mich.,  T.  42  N.,  R.  29  W.,  Sec  22,  near  center  of 
S.  W.  qr. 

All  prisms  of  hornblende  lie  parallel  to  the  schist-plane.  The  ends  of  the  jnisms  are 
ragged  and  uneven,  as  in  the  case  in  nearly  all  hornblende  schists.  The  stria  are  par- 
allel to  the  main  axis.  The  individuals  of  hornblende  are  aggregated,  and  have  takai 
pkice  in  a  quartz  groundmass.     Fine  crystals  of  plagiodase  as  an  wxxsscaj  minend 
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appear,  which  show  perfecUy  the  characteristic  twin-lamellation  in  polarized  light; 
also  a  little  orthoclase,  apatite,  and  irregalar  opaque  gfrains  of  magnetite. 

§  126.  Spec.  2167.  Hornblende  rock.  Bed  XVIII,  Wis.,  T.  40  K,  R.  18  E.,  Sec. 
9, 1040  N.,  470  W. 

Hiin  sections  contain  instances  of  ciTstals  cut  parallel  to  the  main  axis,  and  also 
others  which  are  cut  perpendicularly  to  it.  The  yellowish-green  or  bluish-green  colored 
individuals  of  hornblende,  which  are  sometimes  twinned,  lie  confusedly  together,  and 
sometimes  a  prism  is  crossed  by  another.  Brown  folia  of  biotite  are  widely  spread 
through  the  whole  rock.  The  gronndmass  is  composed  of  an  aggregation  of  quartz 
grains,  which  contain  minute  fluid-endoeures,  small  needles  and  prisms  of  horn- 
blende and  scales  of  biotite.  Some  crystals  of  orthodase  appear.  Yellowish  wedge- 
like crystals  of  titanite  are  not  unfrequent  Irregular  opaque  grains  of  titanic-iron  are 
present,  which  sometimes  show  the  beginning  of  a  change  into  the  well  known  white 
substance.    Apatite  is  not  frequent  in  occurrence. 

§  127.  Spec  745.  Hornblende-rock.^  Boulder  from  south  shore  of  Lake  Michi- 
gamme.    (Source  unknown.) 

This  rock  is  almost  entirely  composed  of  large  prisms  of  hornblende.  In  sections 
perpendicular  to  the  main  axis,  we  observe  the  prism  with  its  characteristic  angle  of 
124*  30*,  the  orthopinacoid  and  the  brachypinacoid.  The  prismatic  cleavage  is  perfectly 
recognizable  in  these  sections.  A  little  quartz  is  present  in  which  small  needles  of 
hornblende  occur.  Small  grains  ^d  crystals  of  orthoclase  appear,  in  which  the  bo- 
ginning  of  alteration  may  be  recognized.    Titanic-iron  is  not  unfrequent. 

§  128.  Spec  1636.  Hornblende-schist.  Falls  of  the  Sturgeon  river,  Michigan,  T. 
39  N.,  R.  28  W.,  Sec  8,  N.  E.  qr.  of  S.  E.  qr. 

The  green  prisms  of  hornblende  are  associated  with  brown  folia  of  biotite.  The 
abundance  of  titanic-iron  is  remarkable.  The  change  of  this  mineral  into  white  sub- 
stance called  "  leucoxen  **  by  GUmbel,  is  quite  recognizable.  Its  individuals  have  been 
surrounded  by  this  latter  substance,  and  sometimes  the  decomposition  has  taken  place 
in  such  a  manner,  that  no  trace  of  the  original  mineral  is  perceptible,  but,  however,  the 
original  forms  of  crystallization  are  perfectly  shown.  In  our  investigations  of  the  dia- 
base (§  69),  we  proved  that  the  opinion  of  Dr.  GQmbel,  who  mentions  this  white  sub- 
stance as  an  original  one,  cannot  be  correct,  and  also  in  this  case,  the  change  of  titanic- 
iron  is  a  fact  which  is  beyond  all  doubt.  Colorless  grains  of  sahlite  occur  in  this 
specimen.    They  are  often  aggregated  in  clusters.    A  little  titanite  is  also  present. 

§  129.  Spec  2261.  Hornblende-schist.  Wis.,^  T.  38  N.,  R.  21  E.,  Sec.  32, 900  N., 
2000  W. 

A  very  typical  specimen.  The  green  prisms  of  hornblende  lie  mixed  together.  Sec- 
tions parallel  to  the  main  axis,  and  others  which  have  been  cut  perpendicularly  to  it, 
occur.  Quartz  forms  the  gronndmass.  Opaque  irregular  grains  of  magnetite  are  abun- 
dant 

§  130.  Spec  2124.  Hombleude-schist.  Bed  XIX,  W^.,  T.  38  N.,  R.  20  E.,  Sec. 
15,  1000  N.  1970  W. 

This  rock  resembles  Spec  1752.  Dalicate  green  prisms  of  hornblende  are  abundant, 
which  are  imbedded  in  a  quartzose  gronndmass.  Aggregations  of  sahlite  and  single 
hexagonal  folia  of  hematite  occur.  Irregular  grains  of  magnetite  are  distributed 
throughout  the  whole  section. 

§  131.    b.  2.  Feldspathic  hornblende  schist  and  rock. 
As  we  formerly  mentioned,  there  are  amphibolites  which  contain  a  gronndmass  com- 
posed of  grains  of  feldspar  or  calcite,  besides  those  which  consist  of  an  aggregation  of 
single  hornblende  prisms,  or  which  contain  a  quartzose  gronndmass.    The  greater  part 
of  hornblende  schists  and  rocks  from  the  iron  region  of  Lake  Superior  are  f eidspathic 
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It  is  sometimes  very  hard  to  prove  the  feldspathic  natare  of  tlie  indiyidoals  d  tlie 
gromidmass  mineral,  for  they  show  therein  generally  the  same  ^pearanoe  as  is  darac- 
teristic  of  the  quartz  as  a  constituent  of  the  crystalline  schists.  In  conseqnenoe  of  this, 
irregular  grains  of  feldspar  are  aggregated  and  form  the  groundmass.  The  single 
grains  can  only  be  distinguished  from  each  other  in  polarized  light,  by  wfaidi  they 
appear  with  different  colors.  By  common  light  the  single  individuals  are  not  distitt- 
guishable.  They  are  mostly  represented  by  orthodase,  but  sometimes  also  plagiodase 
occurs.  The  colors  which  appear  by  crossed  nicols  cannot  be  always  a  test  by  wfaidi  to 
distinguish  feldspar  from  quartz,  especially  if  the  feldspar  is  fresh  and  unaltered.  It  is 
interesting  to  find  that  many  grains  of  orthodase  are  twinned  according  to  the  Gaclsbad- 
law,  and  in  consequence  ot  this,  such  a  mineral  cannot  be  quartz.  If  the  beginning  of 
alteration  is  recognizable,  it  is  beyond  all  doubt,  that  the  mineral  is  feldspar. 

Larger  individuals  of  feldspar  are  present  in  some  places,  and  then  such  rocks  often 
resemble  syenite,  especially  if  they  are  not  schistose.  By  the  gradual  recepttoii  ol 
quartz,  a  feldspathic  hornblende-schist  will  finally  represent  a  homblende-gneiaB.  In 
tiie  following  sections  we  shall  prove  that  the  feldspathic  hornblende-rocks  cannot  be 
identified  with  syenite. 

§  1 32.    Spec.  1761.    Hornblende-schist,  Mich.,  T.  42  N.,  R.  23  W..  Sec  S2,  E.  lin?. 

This  spedmen  represents  a  very  typical  feldspathic  hornblende-schist.  The  groond- 
mass  consists  of  an  aggregation  of  irregular  grains  of  orthodase,  with  which  thoM  of 
plagiodase  have  been  intermingled.  The  green  hornblende-prisms  are  generally  pres- 
ent in  sections  parallel  to  the  main  axis.    Some  aggregations  of  magnetite  oocor. 

§  133.  Spec  527.  Hornblende-schist.  Mich.,  T.  47  N.,  R.  27  W.,  Sec  15,  N.  W. 
qr.  of  N.  E.  qr. 

The  crystals  of  hornblende  have  formed  themselves  parallel  to  the  schist-plane,  and 
occur  in  a  feldspathic  groundmass.  Some  irregular  grains  of  quartz  are  present,  thp 
fluid-enclosures  of  which  sometimes  contain  a  bubble  that  moves  about  A  little  biotfte 
appears  and  also  small  needles  of  apatite.  Titanic-iron  is  generally  surrounded  by  the 
white  substance. 

§  134.    Spec  8071.    Micaceous  hornblende-schist'    20th  mile  poet  M.  &  O.  R.  S. 

The  prisms  of  hornblende  and  the  numerous  brown  folia  of  biotite  form  a  feh-hkc 
aggregation,  which  has  been  imbedded  in  the  groundmass.  The  latter  ooDStsts  whoOy 
of  an  aggregation  of  irregular  individuals  of  orthodase. 

The  greenish  hornblende  has  altered  and  shows  the  be^ning  of  a  change  into  rm- 
dite,  in  which  substance  some  grains  of  epidote  occur.  A  little  caldte  has  settled  in  the 
fissures  of  the  rock  and  has  been  formed  in  consequence  of  the  decompoeitioii  of  barn- 
blende. 

§  135.    Spec.  3029.    Micaceous  hornblende  schist'    Republic  mine. 

Besides  hornblende,  biotite  is  abundant.  These  constituents  together  or  lepaateiT 
form  aggregations,  which  have  taken  place  in  the  feldspathic  groundmass.  The  oocnr- 
rence  of  calcite  therein  is  remarkable.  In  this  case,  this  mineral  is  an  original  constit- 
uent. The  small  grains  are  aggregated  in  dusters,  which  are  intermingled  withetnafi 
folia  of  biotite.  These  dusters  lie  also  in  the  groundmass,  and  are  doubtless  of  ori^- 
nal  formation.  Apatite  shows  sharply  defined  hexagons  in  sections  parallel  to  the 
base,  and  is  also  present  in  the  form  of  long  prisms,  which  represent  sectMHis  parallel 
to  the  main  axis.    A  little  quartz  is  recognizable. 

§  136.  Spec.  2182.  Micaceous  hornblende  schist  Bed  XVII.  Mich.,  T.  41  N.. 
R.  31  W.,  Sec  17,  760  N.,  1375  W.,  on  Brulfe  river. 

The  groundmass  consists  of  an  aggregation  of  small  individuals  of  feldspar,  bat  alw 
larger  crystals  are  present    They  consist  partly  of  orthodase,  the  individuals  of  which 
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are  sometimes  twinned  according  to  the  Carbbad-law,  in  which  the  plane  of  junction 
is  pamllel  to  the  clino-pinacoid,  and  which  are  characterized  by  a  line  dividing  a 
crystal  into  two  parts,  which,  by  crossed  nicols,  show  difl'erent  colors.  The  feldspar  con- 
stituent is  partly  represented  by  plagiodase. 

The  greenish-hornblende  appears  mostly  in  the  form  of  microlites,  which  are  aggre- 
gated. Larger  prisms  are  rare  in  occurrence.  Brown  mica  is  abundant,  but  its  folia 
are  small  and  narrow. 

long  needles  and  prisms  of  apatite  pierce  the  rock  in  every  durection.  Small,  yellow 
and  wedge-like  crystals  of  titanite  occur. 

Titanic-iron  in  association  with  the  white  substance  is  present. 

§  137.    Spec  3076.    Hornblende- schist.   Light-house  Point  Quarry,  Marquette. 

Hornblende  is  present  in  irregular  green  folia,  which  are  striated.  Biotite  is,  how- 
ever, not  rare  in  occurrence.  Numerous  sharply-defined  hexagonal  folia  of  hematite 
appear,  being  blood-red  in  color.  Calcite  is  abundant,  and  its  individuals  often  show  a 
distinct  twin-lamellation.  Titanic-iron  forms  veiy  small  grains,  but  each  is  surrounded 
by  the  known  white  substance.    Minute  folia  and  scales  of  muscovite  appear. 

The  groundmass  oon^sts  of  an  aggregation  of  individuals  of  feldspar. 

§188.  Spec.'325.  Hornblende- schist  Mich.,  T.  47  N.,  R.  27  W.,  Sec.  18,  N.  W. 
qr.  of  N.  W.  qr. 

The  groundmass  consists  chiefly  of  an  aggregation  of  small  individuals  of  orthodase, 
but  also  minute  grains  of  plagiodase  occur.  The  small  prisms  of  hornblende  are  of 
bluish-green  and  of  yellowish-green  color.  Numerous  small  and  narrow  folia  of  bio- 
tite appear.    A  little  caldte  is  present  and  also  some  crystals  of  titanite. 

8139.  Spec  1614.  Hornblende-schist.  Mich.,T.39  N.,R.  29W.,  Sec  15,  N.  W. 
qr.  of  N.  W.  qr. 

The  individuals  of  hornblende  represent  large  folia  or  plates,  in  a  thin  section,  which 
show  also  characteristic  properties  of  this  mineral.  The  occurrence  of  original  caldte  is 
remarkable,  and  very  interesting  in  its  appearance.  It  forms  sharply  defined  rhombo- 
hedra,  which  sometimes  are  aggregated,  and  partly  reach  into  the  prisms  of  the  horn- 
blende. The  outlines  of  the  latter  mineral  are  marked  in  this  case  by  the  rhombohedra. 
A  little  quartz  is  present,  containing  colorless  needles  of  apatite,  which  sometimes  have 
broken  into  several  pieces.  Titanic-iron  is  present  in  irregular  individuals.  The  ground  - 
mass  consists  of  feldspar. 

§  140.  Spec.  1528.  Hornblende-schist.*  Mich.,  W.  branch  of  Ontonagon  river, 
T.  46  N.,  R.  41  W.,  Sec  13. 

The  hornblende-prisms  are  of  a  pale  green  color,  and  bear  some  resemblance  to  actan- 
olite.  The  individuals  are  sometimes  cracked  and  shaken.  Magnetite  is  frequent  in 
occurrence,  but  it  shows  the  beginning  of  a  change  into  hydrated  oxide  of  iron,  and 
therefore  it  is  surrounded  on  its  outlines  by  this  latter  brownish  niineraL  Tlie  grdund- 
mass  consists  of  an  aggregation  of  irregular  grains  of  orthodase. 

g  141.  Spec.  2051.  Hornblende-schist.  Wis.,  T.  38  N.,  R.  20  E.,  Sec.  23, 1450  N., 
^00  W. 

The  hornblende  appears  in  the  form  of  small  microlites,  and  by  this  also  the 
laiger  individuals  represent  an  aggregation  of  such  microlites.  All  are  of  a  light- 
green  color.  Neither  magnetite  nor  titanic-iron  is  present.  The  groundmass  consists 
of  an  aggregation  of  small  individuals  of  orthodase  and  plagiodase,  the  former  min- 
eral predominating.  Fine  aggregations  of  colorless  grains  of  sahlite  occur,  which 
appear  with  bright  colors  in  polarized  light. 

§  142.    Spec.  2122.    Altered  hornblende- schist.    Wis.,  T.  38  N.,  R.  20  E.,  Sec  8, 
2000  N.,  900  W. 
The  green  prisms  show  the  beginning  of  decomposition,  and  a  change  to  vuidite 
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has  taken  place.  Small  individuals  of  yellowish-green  epidote  occur,  whidi  hwe 
been  newly  formed  in  the  viridite.  Titanic-iion  has  been  also  changed  into  the 
grayish-white  substance.  Orthoclase  composes  the  groundmass.  The  single  indind- 
uals  are  dull  in  appearance,  in  consequence  of  the  beginning  of  alterataoa.  Minute 
irregular  grains  of  quartz  occur. 

§  143.    Spec.  1099.    Hornblende  schist>    Edwards  mine. 

The  hornblende  is  typical  in  appearance.  Its  section  perpendicular  to  the  main  an 
is  characterized  by  many  fissures,  which  show  the  prismatic  angle  of  124*  dO*.  Its  fonoi 
of  crystallization  are  also  perfectly  recognizable  in  this  plane. 

The  longitudinal  sections  show  a  striation  parallel  to  the  main  axis.  The  groimd- 
mass  is  feldspathic.  Many  small  needles  and  prisms  occur,  which  are  espectally  pres- 
ent in  the  individuals  of  hornblende.  Calcite  appears  in  the  fissures  of  the  rodL 
Titanic-iron  is  frequent  in  occurrence. 

§  144.    Spec.  3022.    Hornblende  rock.*    Republic  mine. 

A  coarse-grained  rock  in  which  hornblende  is  the  chief  constituent  Aggregatkms 
of  orthoclase  and  a  little  plagiodase  represent  the  groundmass.  Alteration  has  already 
begun  in  the  minerals  composing  the  groundmass.  Blotite  in  brown  folia  is  abundant 
A  little  quartz  in  irregular  water-clear  grains  appears.  Small  bluish-gray  prams  d 
tourmaline,  which  are  strongly  dichroitic,  occur,  but  are  not  abundant.  Hexagonal 
prisms  and  needles  of  colorless  apatite  pierce  especially  the  individuals  of  hornblende. 
Magnetite  and  titanic-iron  are  present. 

§145.    Spec.  1103.    Feldspathic  hornblende-rock.'    Washington  mine. 

The  aggregations  of  hornblende-prisms  lie  in  a  feldspathic  groundmass.  'Die  single 
individuals  are  yellowish-green  and  bluish-green  in  appearance.  The  feldspar,  in  izrega- 
lar  grains,  is  mostly  represented  by  orthoclase  and  composes  the  groundmass.  lliey 
show  a  mosaic-like  aggregation  in  polarized  light  Larger  grains  of  orthoclase  also 
appear,  which  are  sometimes  twinned  according  to  the  Carbbad-law.  They  ooatain 
small  prisms  of  hornblende,  grains  of  magnetite  and  brown  folia  of  biotite.  The  latter 
mineral  is  widely  spread  through  the  whole  rock.  This  rock,  which  is  characterized  by 
a  massive  structure,  cannot  be  considered  as  a  diorite,  for  the  feldspar-constitaeot  k 
especially  represented  by  orthoclase.  Nevertheless  we  cannot  consider  it  to  be  a  syenitip, 
for  this  rock  principally  consists  of  hornblende,  and  further  contains  a  groandnubs, 
which,  is  composed  of  a  mosaic-lika  aggregation  of  small  individuals  of  orthodaie. 
The  massive  and  eruptive  rocks  never  have  this  appearance. 

These  hornblende  rocks  represent,  with  regard  to  structure  and  the  general  diaiacter 
of  their  constituents,  distinct  members  of  the  group  of  *' crystalline  schista,**  with  the 
single  exception  that  a  schistose  structure  is  entirely  wanting. 

§  146.  Spec.  1087.  Feldspathic  hornblende-schist.  (Hornblende-gneiss,  JolieiL'i 
Old  Washington  Mine. 

This  specimen  is  very  rich  in  feldspar.  Irregular  grains  of  orthoclase  and  plagiodase 
form  the  groundmass,  but  larger  ones  also  occur  in  it.  The  green  hornblende  prisms  are 
very  fresh  and  unaltered.  Numerous  folia  of  biotite  occur.  Magnetite  is  abnadaiit 
Distinct  individuals  of  quartz  are  not  present,  and  therefore  this  rock  cannot  be  a  guam^ 
as  Julien  calls  it.  However,  it  is  possible  that  in  other  hand-specimens  qoarCi  m^ 
occur  as  an  essential  constituent 

§  147.  Spec.  20S9.  Hornblende-schist  Bed  XIX,  T.  40  N.,  R.  19  E.,  Sec  18»  7^ 
N..  1000  W. 

The  hornblende  occurs  mostly  in  the  form  of  long,  narrow  prisms,  which  have  sB 
formed  parallel  to  the  schist-plane,  and  therefore  no  cross-soctions  of  their  individiMlf 
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occur.  Muscovite  and  bioUte  are  both  present,  but  the  latter  is  much  more  frequent  iv 
the  form  of  large  irregular  brown  folia.  Small  wedge-like  crystals  of  Utam'te  occasion- 
ally occur.  Crystals  and  grains  of  titanic-iron  are  mostly  surrounded  by  the  grayish- 
while  substance.  The  fissures  of  the  rock  are  filled  with  caldte.  Aggregations  of  small 
individuals  of  orthoclase  form  the  groundmass. 

§  148.    b.  3.  Calcareous  hornhUnde- schist. 

The  third  group  of  amphibolites  is  one  in  which  carbonate  of  lime  represents  a  chief 
constituent.  This  mineral  also  forms  a  groundmass  in  these  rocks,  as  is  the  case  in 
**  calcareous  mica-schists."  The  small  irregular  grains  of  caldte  are  aggregated,  and 
the  other  constituents  are  imbedded  in  this  substance.  Sometimes  the  individuals  show 
a  distinct  twin-lamellation  and  the  rhombohedral  cleavage  is  also  quite  perceptible. 
The  non-twmned  grains  of  calcite  appear  of  a  milky-blue  color  ."by  crossed  nicols.  Of 
the  original  formation  of  these  individuals  of  calcite  there  is  no  doubt,  since  the  other 
constituents  have  formed  in  it. 

§  149.  Spec.  2135.  Hornblende-schist.  Wis.,  T.  33  N..  R.  19  E.,  Sec.  11,  390  N., 
G20  W. 

Small  and  deUcate  green  prisms  of  hornblende  are  mostly  aggregated  and  lie  in  the 
calcareous  groundmass.  Small  single  prisms  of  hornblende  also  appear,  endosed  in 
caldte.    Biotite  in  brown  folia  is  frequent  in  occurrence. 

§  150.  Spec.  2061.  Hornblende-schist.  Bed  XIV,  Mich.,  T.  39  N.,  R.  30  W.,  Sec. 
15,  1140  N.,  225  W. 

Hornblende  is  present  in  very  small  prisms  or  in  yellowish-green  folia.  The  latter 
I'Bsemble  the  biotite  a  little,  but  their  optical  properties  establish  their  homblendic 
nature.  Minute  irregular  grains  of  quartz  appear.  The  other  part  of  the  rock  is  repre- 
sented by  an  aggregation  of  irregular  grains  of  calcite. 

§  151.    Spec.  817.    Hornblende-schist.*    N.  of  Northwestern  Hotel,  Marquette. 

This  spedmen  is  an  aggregation  of  very  small  prisms  of  hornblende  which  are  im- 
bedded in  a  calcareous  groundmass.  Minute  grains  of  quartz  occur  and  magnetite  is 
distributed  throughout  the  whole  rock,  in  which  the  beginning  of  a  change  intobydrated 
oxide  of  iron  can  be  observed. 

§  152.  Spec.  113.  Hornblende-schist  Mich.,  T.  47  N.,  R.  27  W.,  Sec.  15,  N.  W. 
qr.  of  S.  E.  qr. 

Besides  hornblende  small  folia  of  biotite  occur.  Opaqu3  grains  of  titanic-iron  are  not 
unf  i-equent,  and  are  generally  a  little  altered.  Some  colorless  individuals  of  sahlite 
appear,  which  show  a  cleavage  by  which  the  pyroxenic  minerals  are  characterized. 
Aggregations  of  caldte  represent  the  groundmass. 

g  153.    19.  Angite-Bchist 

(Micaceous  augite-schist,) 

Spec.  1170.  Champion  mine.  It  was  formerly  believed  that  augite  could  only  occur 
especially  in  basic  rocks — not  in  assodation  with  quartz,  and  not  present  in  crystalline 
schists.  Some  time  ago  this  mineral  was  observed  as  a  constituent  of  some  crystalline 
schists  in  Silesia  and  in  Taunus. 

The  groundmass  of  this  rock  is  represented  by  an  aggregation  of  water-dear  quartz 
grrains,  which  contain  only  minute  fluid  endosures. 

Augite  (sahlite)  forms  irregular  individuals  of  a  pale  green  color,  which  have  all 
formed  parallel  to  the  schist  plane,  and,  therefore,  no  sections  cut  perpendicularly  to  the 
main  axis  occur  in  the  slice.  Sometimes  the  individuals  are  twinned,  and  in  conse- 
quence, the  two  parts  of  augite  appear  with  different  colors  by  polarized  light. 

1  Mich.  Gcol.  Survey  Vol.  II,  1673,  p.  186. 
•  Mich.  Oeol.  Survey,  Vol.  II,  1678,  p.  175. 
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Biotite  is  abundant.  It  fonns  irregralar  folia,  which  show  a  Btrong  didmnsm.  ITie 
folia  are  mostly  aggregated  in  clusters,  but  single  ones  also  are  distributed  throaglioai 
the  rock. 

Some  colorless  folia  and  scales  of  muscovite  are  present  Magnetite  occurs  in  shaiply 
defined  octahedra,  and  in  irregular  grains. 

§  154.    20.  Chlorite  schist 

Chlorite  schist  consists  of  an  aggregation  of  folia  of  chlorite,  but  even  in  tjpkal  speci- 
mens it  is  associated  with  other  minerals. 

Chlorite  generally  appears  in  the  form  of  pale,  green  colored  folia  or  scalet.  Iti 
dichroism  is  foeble  and  sometimes  not  easily  recognizable.  In  polarized  li^t  the  foh& 
appear  partly  in  bright  colors,  i>artly  in  darkness,  when  lying  parallel  to  the  baae. 

The  irregular  shaped  folia  have  mostly  formed  themselves  parallel  to  the  sdust-plaoe, 
but  others  lie  in  other  directions. 

A  great  number  of  different  minerals  have  a  share  in  the  composition  of  chlorite 
schists.  If  they  are  present  in  considerable  quantity,  they  represent  a  chief  constituent 
of  these  schists. 

Quartz  may  first  be  mentioned.  This  mineral  generally  constitutes  the  groandnu^s 
in  the  form  of  the  well-known  aggregations.  Besides  this  mode  of  oocurrenre,  it 
appears  also  in  larger  grains.  Feldspar,  as  well  in  the  form  of  orthodase,  as  plagkh 
clase,  is  sometimes  not  unfrequent.  By  a  gradual  increase  of  this  constitiiexit  si 
length  a  chlorite-gneiss  would  appear.  Biotite  is  abundant,  its  presence  being  proren 
in  nearly  all  specimens.  Magnetite  is  present  in  the  form  of  sharply-defined  octahedr» 
or  in  irregular  grains.  Titanic-iron,  zircon,  tourmaline,  actinolite,  etc.,  appe^  hoc 
and  then.    In  §  155,  the  typical  varieties  of  chlorite-schist  will  be  described. 

§  155.    a.  Chlariie'Schist. 
Spec.  1250.    Norway  Portage,  Michigamme  river. 

Spec.  2082.    Bed  XVIII.    Mich.,  T.  41  N.,  R.  30  W.,  Sec.  30,  1250  N.,  1750  W. 
Spec.  2094.    Bed  XVIII.    Mich.,  T.  41  N.,  R.  31  W.,  Sec.  23.  S.  W.  qr.  of  N.  E.  qr. 
Spec.  2097.  3ed  XVIII.    Mich.,  T.  41  N..  R.  30  W.,  Sec.  30,  lot  3. 
Spec.  2132.    Bed  XVII.    Wis.,  T.  39  N.,  R.  19  E.,  Sec.  7,  1800  N.,  1950  W. 
Spec.  3055.    Bamum  mine. 

Chlorite  schist  generally  shows,  in  a  thin  section,  a  woven  mass  of  green  folia  of 
chlorite.  The  size  is  variable  —  sometimes  the  folia  are  also  visible  to  the  naked  e^v*. 
and  then  they  show  a  bluish-gray  color  under  the  microscrope,  but  sometimes  they  are 
very  small,  and  then  appear  in  the  form  of  minute,  nearly  colorless,  scales. 

Compact  clusters  of  aggregated  green  folia  sometimes  occur  in  the  loose  stnictiize  d 
the  other  folia  of  chlorite  (Spec.  2094).  Quartz  is  abundant  in  the  f<»rm  of  aggnga- 
tions  of  irregular  angular  grains.  They  contain  minute  fluid-enclosures,  whkh  are 
not,  however,  abundant 
The  chlorite-schist  of  Norway  Portage  is  especially  rich  in  quartz.' 
Magnetite  occurs  in  all  specunens,  and  generally  appears  in  the  form  of  shaiply 
defined  octahedra,  which  may  be  separated  from  the  rock  when  powdered  by  means  of  a 
magnet.    It  is  sometimes  aggregated. 

Biotite  occurs  in  simple  folia,  and  is  easy  to  recognize  by  its  brown  odor  and  tb 
strong  dichroism  (Specs.  2132,  2097). 
•The  appearance  of  small  prisms  of  tourmaline  which  cannot  be  seen  by  the  tukvd 

1  Jalien  hta  proriilontll j  called  this  rock,  '*  MictceoQt  tUlcooas  schist  *'  (Mich.  G«ol.  Bvrrj 
Vol.  II,  p.  108),  bat  It  consists  of  chlorite,  quartz  and  magnetite,  and  therefore  it  !a  a  tr««  chkh 
rite-schist.  Spec.  80&5,  of  Bamnm  mine,  has  been  called  by  the  same  aothor,  *^On^  lbldsp«ttk 
n-z*Ilitc,''  bat  it  is  also  a  typical  chlorite-schist 
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eye  is  remarkable.    Zirkel '  proved  the  presence  of  colorless  prisms  of  a  mineral  which 
resembled  tourmaline  very  much  in  appearance,  in  a  chlorite-schist  from  Einsiedel  in 
Bohemia.    The  prisms  of  tourmaline  are  bluish-gray  in  color  and  strongly  dichroitic. 
They  are  mostiy  broken  into  several  pieces,  generally  parallel  to  the  base. 
Zircon  in  reddish-brown  small  prisms  is  abundant  in  Spec  2094.    (See  §  25.) 

§  15ti.    h.  Quartzose  chlorite-schist. 

Spec.  137.    Mich.,  T.  47  N.,  R.  26  W.,  Sec.  33,  N.  E.  qr.  of  N.  E.  qr. 

A  groundmass  is  present  which  is  composed  of  an  aggregation  of  small  grains  of 
quartz.  Besides  these,  larger  individuals  of  this  mineral  occur.  They  contain  many 
fluid-enclosures,  which  sometimes  show  a  movable  bubble,  and  also  numerous  small 
needles  and  prisms  of  apatite  occur  in  the  pelludd  quartz. 

Chlorite  occurs  in  the  form  of  clusters  of  its  green  folia,  as  well  as  in  single  folia  in 
the  fissures  of  quartz. 

Numerous  small  prisms  of  zircon  are  recognizable.  A  little  calcite  appears  in  sharply 
defined  rhombohedra,  or  in  irregular  grains,  which  seldom  show  a  distinct  twin-lamel- 
lation  by  polarized  light. 

§  157.    Spec.  906.    Mich.,  L'Anse,  T.  50  N.,  R.  33  W.,  Sec.  18,  N.  of  W.  qr.  post. 

The  quartzose  grains  contain  some  few  fluid-enclosures,  and  besides  these  some  mi- 
crolites  occur.  The  folia  of  chlorite  are  mostly  aggregated  in  clusters,  but  also  single 
ones  appear  in  the  groundmass  and  in  the  larger  grains  of  quartz.  Magnetite  is  pres- 
ent in  irregular  grains.  A  little  feldspar  (orthodase)  occurs  in  the  form  of  round  indi- 
viduals, which  are  diill  in  appearance  in  consequence  of  the  beginning  of  alteration. 
Minute  scales  of  chlorite  appear  in  their  fissures. 

§158.    c,  Feldspathic  chlariie'Schist 

Spec  932.    Mich.,  T.  50  N.,  R.  32  W.,  Sec.  13,  near  center. 

This  specimen  is  chiefly  of  chlorite  and  quartz.  Magnetite  occurs  in  distinct  octa- 
hedra. 

The  appearance  of  feldspar  is  interesting,  the  presence  of  which  had  already  been 
established  by  Julien.'  This  mineral  does  not  form  here  sharply  defined  crystals,  but  is 
present  in  round  and  angular  grains.  These  individuals  are  enclosed  by  lenticular 
masses  of  the  folia  of  chlorite,  giving  rise  to  the  coxgecture  that  the  feldspar  may  have 
existed  before  the  formation  of  the  chlorite.  Feldspar  is  represented  as  well  by  ortho- 
dase as  by  pla^odase.  The  twin-lamellation  of  the  latter  mineral  can  be  particularly 
well  recognized  by  crossed  nicols. 

§  159.    d.  Micaceous  chhHte-schist. 

Spec  729.    Mich.,  Spurr  Mountain  kon  Range,  T.  48  N.,  R.  31  W.,  Sec.  23. 

lliis  rock  is  remarkable  especially  from  the  presence  of  the  beautiful  pseudomorphs  of 
dilorite  after  garnet.  Pumpelly '  has  made  exact  microscopical  investigations  on  this 
subject 

No  quartz  is  recognizable,  and  therefore  this  specimen  presents  in  a  thin  section  only  a 
woven  mass  of  green  folia  of  chlorite. 

Biotite  occurs  in  the  form  of  numerous  brown  folia,  which  are  strongly  dichroitic  and, 
on  an  average,  0.4  millimetre  in  length  and  0.1  millimetre  in  breadth.  The  foha 
are  laminated  in  sections  parallel  to  the  main  axis.  Muscovite  is  not  unhequent  It 
forms  colorless  folia  of  the  same  size  as  those  of  biotite,  and  appears  in  bright  colors  by 

>  Mlkroskop.  BetchaflSenheit,  etc.,  p.  474, 1873. 

•  Mich.  Oool.  Survey,  Vol.  11,  p.  104. 

*  American  Joarnal  of  Science  and  Arts,  1875,  Jaly,  Vol.  Z. 
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polarized  light  Many  grains  and  plates  occur,  probably  partly  magnetite  and  partly 
titanic-iron. 

§160.    Spec.  2091.    Bed  XVIH.  Wis.,  T.  40  N.,  R.  19  E.,  Secl8,  900  N.,  100  W- 

Besides  chlorite  and  quartz,  biotite  is  abundant.  Its  brown  folia  are  widely  tpreid 
over  the  whole  rock  and  easy  to  recognize  by  its  charactenstic  properties.  Magnetite  is 
present  in  numerous  irregular  grains.  We  also  observed  a  dust-like  non-crystalliaed 
substance  in  all  parts  of  the  thiu  section. 

§  161.    Spec.  2078.    Bed  XII,  Wis.,  T.  89  N.,  R.  19  E.,  Sec.  11,  200  N.,  760  W. 

This  specimen  represents  chiefly  an  aggregation  of  green  folia  of  chlorite  in  wfaidi 
numerous  brown  folia  of  biotite  have  formed.  Irregular  grains  of  caldte  appear  bere 
and  there.  A  grayish,  dust-like,  non-ciystallized  substance  is  also  present,  as  is  the  oiae 
in  Spec.  2091. 

§162.    Spec.  537.    Mich.,  T.  47  N.,  R.  27  W.,  Sec.  11,  S.  W.  qr.  of  S.  W.  qr. 

Spec.  931.    Mich..  T.  47  N.,  R.  27  W.,  Sec.  15,  S.  W.  of  N.  W. 

These  specimens  represent  chiefly  a  compact  woven  mass  of  green  folia  of  chlorite. 

Brown  folia  of  biotite  are  abundant,  sometimes  in  nearly  the  same  quantity  as  chlo- 
rite. Some  colorless  prisms  of  apatite  occur.  The  quartz  in  minute  grains  contains  a 
few  fluid  enclosures. 

Feldspar  (especially  orthoclase)  appears,  and  its  substance  is  filled  with  minnte  scales 
of  chlorite.  It  is  very  little  altered.  We  may  finally  mention  the  presence  of  roondi^ 
grains  of  garnet  and  of  sahlite.    In  Spec.  931  small  folia  of  muscovite  are  recognizable. 

§  163.    e.  Actinoliiic  chlorite  schist. 

Spec  2227.    Upper  falls.  Pine  river.  Wis.,  T.  39  N.,  R.  18  E.,  Sec  80. 

The  groundmass  consists  of  an  aggregation  of  small  grains  of  quartz.  Nnmeroos 
colorless  prisms  of  actinolite  occur  in  association  with  the  green  folia  of  chkriie.  It 
is,  however,  quite  easily  recognized  by  its  characteristic  properties,  as  we  have  shown  in 
§  12.  Brown  folia  of  biotite  appear  now  and  then.  The  black,  opaque  grains,  whidi 
are  irregularly  distributed  throughout  the  whole  rock,  are  magnetite. 

§  164.    21.  Talc-schist 

Spec  1081.'    Old  Washmgton  mine. 

Spec  3074.*    Grace  Furnace,  Marquette. 

Talc-schist  consists  of  scaly  and  laminated  aggregations  of  talc  The  stroctore  ot 
these  schists  is  always  very  fine  and  scaly.  The  single  folia  of  talc  are  coloriess  and 
mostly  fringed. 

Spec  3074  from  Grace  Furnace  resembles  much  a  talc-schist  from  Schwanenba^di,  ia 
the  "Fichtelgebirge,'*  Bavaria.  It  consists  chiefly  of  white  folia  and  scaksol  tak, 
which  are  irregularly  aggregated  and  represent  a  felt-like  mass.  Minute  grains  of 
quartz  occasionally  appear.  Small  grains  of  magnetite  occur,  each  soiroanded  by 
brown,  hydrated  oxide  of  iron,  occasioned  by  the  oxidation  of  the  ma^etite.  Besides 
these  minerals,  hexagonal  folia  of  hematite,  bluish-gray  prisms  of  tourmallDe  and 
small  crystals  of  zircon  are  present. 

In  Spec.  1081  aggregations  of  angular  grains  of  quartz  form  the  groandma»,  with 
which  the  folia  and  scales  of  talc  are  interwoven.  Magnetite  appean  in  nmnenms 
sharply  defined  octahedra  with  which  a  yellow,  transparent,  unknown  mineral,  is  tome- 
times  associated.  This  mineral  also  occurs  in  single  prisms;  it  suggests  airocm  bat  ha* 
not  the  properties  of  that  mineral.    Green  folia  of  chlorite  are  sometimes  present. 

>  Altered  biotite  schUt  (Jalien). 

s  Talcote  argUlite  (Jalien).    See  talc  in  the  two  preceding  chapters.    T.  B.  B. 
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g  165.    22.  Eklogite. 

Spec  1091.    S.  E.  o£  Old  Washington  mine.* 
Spec.  3027.    Washington  mine.* 

A  great  number  o£  diflTerent  rocks  have  been  called  "  eklogifce."    According  to  the 
investigations  of  R.  v.  Drasche,'  this  rock  consists  either  of  garnet  and  omphaclte,  a 
variety  of  augite,  or  of  a  homblendic  mineral  nearly  as  related  to  smaragdite  as  to  the 
common  hornblende. 
Besides  garnet,  it  is  composed  of  a  homblendic  or  an  augitic  mineral. 
Eklogite  is  not  very  widely  distributod,  but  it  occurs  in  association  with  ArchsBon  rocks. 
We  may  now  mention  the  occurrence  of  eklogite  from  the  iron-region  of  Lake  Su- 
perior. 
Spec.  S027.    Washington  mine. 

Garnet  is  plainly  visible  to  the  naked  eye  in  a  thin  section  cut  perpendicularly  to  the 
schist-plane.  This  mineral  forms,  microscopically  observed,  irregular  grains  or  distinct 
crystals  in  regular  hexagonal  or  rectangular  sections.  The  individuals  are  highly 
fissured,  and  contain  numerous  needles  and  prisma,  of  actinolite.  They  are  of  a  very 
pale-red  color. 

The  homblendic  constituent  is  represented  by  actinolite,  which  is  of  a  pale-green 
color,  or  colorless  in  appearance.  The  prisms  of  actinolite  are  fissured  parallel  to  the 
main  axis,  and  their  ends  are  ragged  and  uneven.  The  needles  and  prisms  are  partly 
ranged  parallel  to  each  other,  and  partly  lie  confused.  The  numerous  irregular  black 
grains,  which  are  widely  spread  through  the  whole  rock,  are  magnetite. 
Spec.  1091.    S.  E.  of  old  Washington  mine. 

The  same  constituents  are  present  in  this  specimen  as  in  the  before  mentioned  ones. 
The  prisms  of  actinolite  are  larger  and  more  distinctly  recognizable.  Some  folia  of 
brown  biotite  occur.  The  grains  of  garnet  are  also  larger,  but  always  irregularly 
formed.  The  gamet  holds  crystals  of  magnetite  and  small  needles  of  actinolite  in 
great  numbers.  Large  sharply  defined  octahedra  of  magnetite  are  richly  dispersed 
throughout  the  whole  rock. 

Julien  (1.  c.)  has  called  th23e  rocks  "brown  anthophyillite-schbt.**  As  I  have  men- 
tioned before  (§  12),  this  constituent  belongs  to  the  mouoclinic  system,  and  is  a  hom- 
blendic one  according  to  its  physical  properties. 

It  may  seem  strange  that  these  rocks  have  not  been  called  **  garaetiferous  actinolite- 
schist  or  rock,"  but  in  consequence  of  their  transition  into  trae  gamet  rock,*  as  is  also 
the  case  with  eklogites  of  Saxony,  I  preferred  the  name  "eklogite.**  A  rock  which 
has  as  constituents,  actinolite  and  gamet,  has  quite  as  just  a  claim  to  be  called  eklogite, 
as  one  of  which  the  constituents  are  hornblende  and  gamet,  or  smaragdite  and  gamet. 
The  cases  are  perfectly  parallel,  as  these  rocks  are  also  intercalated  between  the  Ar- 
chean  schists. 

§166.  B.  Fra^nnental-rocks. 
This  da^s  of  rock  comprises  aU  those  which  have  been  formed  mechanically  out  of  the 
materials  of  older  rocks.  The  fragmental -rocks,  therefore,  are  made  up  of  sand,  peb- 
bles, clay,  ete.,  which  are  deposited  especially  as  a  sediment.  These  rocks  are  not  of 
frequent  occurrence  in  the  .^!ch8ean  formation,  but,  however,  they  occur  aa  well  in  the 
lower  as  in  the  upper  part  of  the  series. 

By  their  stracture  and  composition  we  can  distinguish  clay-slates,  sandstone,  and 
chert-breccia  amongst  *the  fragmental-rocks  of  the  iron   region  of  Lake  Superior. 

» Mich.  Q«ol.  Survey,  Vol.  II,  p.  «1. 

«Mlch.  0«ol.  Sarvoy,  Vol.  II,  p.  »5. 

sTtchermak.  Ifineralog.  MUthoUangen,  187t,  Vol.  II,  p.  68. 

*  There  haa  been  no  true  gamet  rock  in  qaauUty  obaenred  in  the  iron  bearing  aerlea.  T.  B.  B. 
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§167.    23.  Clay-slate. 

Clay-slate  consists  principally  of  argillite,  but  it  is  also  rich  in  other  substances,  and 
crystalline  elements,  as  will  appear  below.  According  to  the  nature  of  accidental  con- 
stituents, we  are  able  to  distinguish:  Clay-slate  (typical  varieties),  cari^onaceous  day- 
slate,  novaculite  and  micareous  clay-slate  (phyllite).  The  latter  sometimes  shows  a 
transition  into  mica-schist. 

§168.    a.  Clay-slate. 

Spec.   983.    Mich..  T.  50  N.,  R.  32  W.,  Sec.  13.  near  center. 

Spec.   998.    Slate  river,  Mich.,  T.  51  N..  R.  31  W.,  Sec.  21. 

Spec.    807.    Sec.  11,  T.  47  N..  R.  26.  Michigan. 

Spec.    814.    Chocolate  flux  quarry,  near  Marquette. 

Spec.  2067.    Bed  VI,  Mich.,  T.  40  N.,  R.  30  W..  Sec.  32,  420  N.,  400  W. 

Spec.  2147.    Bed  XVIII,  Wis..  T.  40  N.,  R.  18  E..  Sec.  14. 1375  N.,  750  W. 

Spec.  2237.    Bed  XVI,  Wis.,  T.  39  N.,  R.  18  E..  Sec.  23. 1325  N.,  1050  W. 

Before  the  microscope  was  adopted  in  lithological  investigations,  the  geologists 
maintained  the  opinion  that  clay-slates  only  contained  those  substances  which  were 
formed  from  destroyed  and  decomposed  constituents  of  rocks,  with  the  exception  of 
some  minerals  which  were  visible  to  the  naked  eye. 

The  exhaustive  work  of  Dr.  Zirkel  *  was  destined  to  give  U3  fresh  light  on  this  mat- 
ter. His  investigations  proved  that  clay-slate  naquestionably  contains  crystalline  ele- 
ments, especially  in  his  examinations  of  Devonian  and  Silurian  specimens,*  all  coming 
from  quite  different  localities,  he  found  them  all  filled  with  thin  yellowish-brown  nee- 
dles. These  needles  seldom  reach  a  breadth  of  more  than  0.003  millimetre,  and  some- 
times a  length  of  0.03  millimetre.  They  are  generally  straight,  but  curved  ones,  how- 
ever, do  occur.  Two,  three  or  more  needles  sometimes  meet,  forming  a  fork-lik^ 
or  star-like  aggregation.  In  another  case,  quite  thin  ones  cluster  at  the  ends  of  a 
thicker  one  in  the  form  of  a  zigzag.  These  crystals  are  nearly  all  placed  parallel  to  the 
original  slate-plane.  In  the  direction  of  their  longitudinal  axis,  they  are,  however,  dis- 
tributed confusedly  in  different  i)ortions.  Sometimes  they  lie  singly,  at  others  they 
aggregate  in  thick  clusters. 

The  mineralogical  nature  of  these  crystals  cannot  be  determined  on  account  of  their 
minuteness.  They  are  supposed  to  bear  a  little  resemblance  to  hornblende.  It  is  re- 
markable, that  in  all  of  th3  numarously  examined  Silurian  and  Ddvonian  clay-slates 
these  yellowish-brown  needles  were  wanting. 

Dr.  Zirkel  recognized  as  a  further  crystalline  element  in  the  clay-slates,  pale-yellow 
folia  of  a  mica,  or  talc-like  mineral,  which  correspond  with  those  which  are  recognized 
as  constituents  of  "  phyllite  "  (micaceous  clay-slate).  This  mineral  is  especially  found 
in  those  places  where  the  before-named  crystals  are  numerous.  In  many  day-slates 
grains  of  pyrite  appear,  and  around  these  crystalline  folia  of  mica  have  often  clustered. 
In  other  varieties  of  day-slate,  small  transparent  grains  of  a  reddish-brown  color  occur, 
which  are  supposed  to  be  oxide  of  iron.  They  are  too  small  to  admit  of  an  examination 
of  their  optiod  character.  Other  black  irregularly  shaped  substances  seem  to  be  ooal 
dots.  The  carbonate  of  lime,  which  is  recognized  by  its  effervescence,  when  treated  with 
hydrochloric  add  appears  distinctly  in  the  clay- slate  as  microscopical  scales  of  caldte. 

Till  now  we  could  only  observe  with  the  aid  of  the  microscope  proper  fragmental 
elements,  which  help  to  form  the  day-slate.  Firstly,  irregular  and  fragmental  folia 
and  scales  of  a  talc  or  mica-like  mineral,  consisting  of  delicate  lamellse,  which  are  bent 
a  little.  Secondly,  there  occur  irregular  partides  of  quartz,  and  then  fragments  of  feld- 
spar partly  decomposed,  which  are  very  seldom  recognizable. 

1  For  a  conUnoatlon  of  Dr.  Wichmann's  invesUgaaoDS  of  these  clay  slalea,  see  Jonraal  Gedosi. 
cal  Sec,  London,  Feb..  1879.    T.  B.  B. 

»Pogg.  Ann.  CXLIV,  18TJ,  p.  89,  and  Mikrosk.  Beach.,  1873,  p.  490. 
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In  the  day-tlate  silica  shows  a  peculiar  appearance.  Colorless  places  in  the  thin 
sections  are  sometimes  observed,  which  are  moBtly  of  an  egg-like  shape.  In  polarized 
light  they  appear  in  bright  colors.  They  often  contain  numerous  fluid-enclosures, 
which  are  arranged  in  rows,  and  which  are  doubtless  quartz.  This  form  of  quartz  has 
nothing  to  do  with  the  before-mentioned  fragmental  grains.  Followed,  their  outlines 
run  into  the  surrounding  substance  of  the  rock. 

A  colorless  substance,  which  is  especially  rich  in  crystalline  elements,  is  found 
amongst  the  constitutents  of  day-slates.  like  cement,  it  penetrates  everything.  It  is 
of  a  real  homogeneous  and  amorphous  constitution,  and  is  recognized  by  polarized 
light  to  be  perfectly  isotropic.  This  material  represents  probably  an  opaline  8u'u>L;jice, 
or  it  may,  perhaps,  be  a  porodine  amorphous  silicate. 

Besides  these  dassical  investigations  of  Dr.  Zirkel,  those  of  Dr.  Auger  are  also  re- 
markable. He  not  only  confirmed  the  results  of  the  labois  of  the  before  named  inves- 
tigator, but  recognized  in  tourmaline '  a  new  crystalline  constituent  of  seme  day-slates. 
He  observed  this  mineral  in  the  form  of  a  bluish-gray,  or  of  pale-green  prisms,  the 
ends  of  which,  in  most  cases,  manifested  diflTerent  forms  —one  end  being  pointed  by 
ao  acute  angle,  the  other  being  generally  blunted  by  a  right  angle  plane.  On  an 
average  th?y  are  0.5  millimetre  in  length  and  of  0.1  milUmetre  in  breadth.  Now 
and  then  such  a  prism  is  broken  into  two  or  more  pieces,  which  are  placed  near  to  one 
another,  and  lie  parallel  to  the  main  axis.  This  is  a  proof  that  these  pieces  belong 
together  and  had  formerly  composed  one  crystal.  The  basic  cleavage  is  distinctly 
recognizable  and  may  possibly  have  favored  the  breaking  of  the  prisms  before  the 
sohdification  of  the  rock.  With  regard  to  its  optical  properties,  this  mineral  refracts 
the  light  doubly,  and  is  strongly  dichroitic.    These  facts  can  only  be  true  of  tourmaline. 

We  may  mention  finally  the  investigations  of  Dr.  G.  R.  Credner*  on  the  crystalline 
constituents  of  day  and  day  slate,  but  which,  however,  are  not  of  great  importance. 
He  recognized  the  presence  of  the  same  crystalline  constituents  which  had  been  found  in 
the  Silurian  and  Devonian  day-slates,  in  the  younger  clay  slates  from  the  carboniferous 
period  to  the  tertiary,  but  in  a  proportion  decreasing  with  the  age  of  the  rocks. 

g  169.  The  question  of  the  formation  of  the  aforementioned  crystals  (clay-slate- 
needles)  is  of  great  importance  in  view  of  the  origin  of  clay-slate.  Dr.  Zirkel  has  ex- 
pressed the  opinion  that  these  needles  were  formed  during  the  deposition  of  the  day- 
slate  as  mud,  and  before  the  solidification  of  the  rock.    He  says: ' 

*'  After  the  recognition  of  these  facts,  there  arises  the  question,  whether  the  micro- 
scopical half-crystalline  state  of  the  day-slate  is  a  more  or  less  original  one,  whether 
the  rock  has  obtained  this  structure  in  the  beginning  (be  it  immediately  during  its 
deposition  as  mud,  or  at  least  before  its  solidification),  or  whether,  on  the  other  hand, 
this  half-crystalline  condition  has  been  developed  in  the  slate  long  afterwards,  during 
the  following  geological  periods,  by  additional  and  secondary  metamorphic  processes  of 
any  kind,  as  is  theoretically  the  case  for  the  microscopically  wholly  crystalUne  schists. 
Every  accurate  examination  of  the  thin  sections,  every  scrupulous  observation  of  the 
number,  position  and  distribution  of  the  crystalline  elements  (which  can  scarcely  have 
afterwards  grown  in  the  solid  rock),  has  thus  far  always  ended  with  the  conviction,  that 
the  first  of  these  alternatives  is  just  as  probable  as  the  latter  is  improbable.'* 

Although  in  these  words  a  distinct  opinion  has  been  expressed,  Dr.  G.  R.  Credner 
adopted  the  view  that  these  oystalline  elements  are  the  results  of  a  "  chemical  pre- 
dpitation  of  the  ocean.** 

Delesse,^  in  speaking  of  the  investigations  of  Dr.  Zirkel,  says: 

>  Ttchermak.  HiDermlog.  Hittheilangeo,  1875,  p.  169. 
*Zoitftcbrift  f.  d.  Qesamnten  Natarw.,  1875,  p.  fi07. 
*Mikro6kop.  Beschalfenheit,  p.  408. 
^Rerae  de  Geologie  dans  lea  Annoos,  1878-74.    Paris,  1876,  p.  t08. 
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"  It  appears  that  the  aystalllDe  stractnre  that  is  observed  in  the  slates  is  not  to  be 
looked  upon  as  an  original  substance,  for  to  admit  that  it  goes  up  to  the  depontion  d 
the  slate  would  be  to  go  back  to  the  theory  of  Werner;  it  is,  however,  possible  that  the 
crystalline  structure  of  the  schist  has  developed  itself  at  the  epoch  of  its  consolidation,  and 
is  the  result  of  the  compression  that  it  has  undergone;  in  one  word,  of  its  metamorphism/' 

8  170.  After  having  given  the  results  of  the  microscopical  investigations  of  day- 
slates  of  the  Devonian  and  Silurian  ages,  it  must  be  interesting  to  examine  those  of  the 
Huronian  period.  In  no  specimen  could  the  needles,  which  are  characteristic  of  the 
Silurian  and  Devonian  clay-slates,  be  found;  but  a  mineral  vras  found,  however,  easily 
recognizable  and  present  in  great  quantities  in  the  thin  sections.  This  is  tourmaline, 
as  already  proved  by  Dr.  Auger  (1.  c.  p.  163)  in  some  German  specimens,  though  only 
in  small  quantities. 

Tourmaline  represents,  sometimes,  a  chief  constituent  in  the  day-slates  of  the  iron 
region  of  Lake  Superior.  It  appears  in  the  form  of  small  prisms  of  0.015  to  0.03  mil- 
limetre in  length,  and  0.003  to  0  025  millimetre  in  breadth  (Spec  2067).  On  the  ends  of 
the  prisms,  rhombohedra  often  appear  in  combination  and  sometimes  also  as  the  base. 
Crystals  even  occur  there,  which  show  a  distinct  hemimorphism,  which  is  an  especial  char- 
acteristic of  this  mineral.  The  prisms  are  of  a  bluish-gray  color,  the  larger  ones  often 
darker  colored,  but  all  showing  a  very  strong  dichroism.  Completely  formed  individuals 
are  not  frequent;  they  have  been  mostly  broken  into  several  pieces.  Generally  the  frag- 
ments which  belong  to  each  other  are  found  close  together,  so  that  this  circumstance 
enables  us  to  conceive  what  the  entire  crystal  would  be.  Sometimes  the  fragments  are 
linked  in  the  form  of  a  chain.  In  Spec.  2067,  I  could  recognize  an  individual  which 
had  been  broken  into  eight  pieces,  yrhich  had  all  been  cemented  again  by  the  day-slate 
substance. 

The  question  now  arises  as  to  the  origin  of  these  cxystak  of  tourmaline.  We  can 
assume  four  possibilities  for  their  formation: 

1.  They  may  be  the  remains  of  the  original  rock,  from  the  destruction  of  which  day- 

slate  has  been  formed. 

2.  They  may  be  the  result  of  precipitation  from  the  ocean. 

3.  They  may  be  the  result  of  a  metamorphism. 

4.  They  may  have  been  form3d  during  the  deposition  of  clay-date,  as  mud. 

1.  If  tourmaline  had  been  a  constituent  of  the  original  rock,  the  decomposition  of 
which  has  induced  the  formation  of  clay-slate,  it  must  have  been  destroyed  in  the  same 
manner  as  was  the  case  with  quartz.  But  the  prisms  of  tourmaline  possess  so  sharply 
defined  outlines,  that  we  cannot  possibly  consider  it  as  a  constituent  of  the  original 
rock.  In  clay-slates,  quartz  is  only  to  ba  found  in  the  form  of  small  fragments;  feld- 
spar is  very  indistinctly  recognizable.  In  consequence  of  these  facts,  we  may  safely 
entertain  t.ie  opinion,  that  such  a  theory  on  the  origin  of  tourmaline  cannot  be  main- 
tained. 

2.  If  we  could  consider  these  prisms  of  tourmaline  as  predpitated  from  the  ocean, 
we  should  agree  with  the  theory  which  Dr.  G.  R.  Credner  has  given  in  his  paper  on  the 
crystalline  elements  in  clay-slates  and  days.  But  such  an  explanation  cannot  be  consid- 
ered as  sufficient.  Taken  in  the  abstract,  it  is  incredible  that  a  mineral,  composed  of  so 
many  different  elements  as  tourmaline  is,  could  bo  formed  in  the  ocean.  We  have  no 
proof  that  the  ocean  is  capable  of  indudng  the  predpitation  of  crystals  of  any  mineral, 
and  until  such  a  proof  b3  given  we  can  never  accept  such  a  theory,  except  as  to  those 
which  are  soluble  in  water. 

3.  If  we  consider  the  presence  of  tourmaline  as  the  result  of  a  metamorphism  which 
had  taken  place  in  the  rock,  we  should  agree  with  the  opinion  expressed  by  Delesse. 
We  have  never  doubted  that  the  formation  of  minerals  as  a  result  of  metamorphism  is 
possible;  but  in  this  case  such  an  opinion  is  not  acceptable.    As  t^e  have  formeiiy 
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mentioned,  the  prisms  of  tourmaline  are  generally  broken  into  several  pieces.  These 
bagments  belong  to  one  crystal,  and  in  our  opinion  we  can  recompose  such  a  crystal. 
If  a  metamorphism  had  taken  place  at  the  time  of  the  formation  of  these  individuals, 
the  rock  must  have  already  been  solid;  and  if,  later,  the  crystals  were  broken  by  me- 
chanical processes,  the  substance  which  cemented  the  single  fragments  must  have  been 
a  crystalline  one.  But  the  substance  which  cements  these  fragments  consists  of  amor- 
phous clay,  and  therefore  the  crystals  cannot  have  been  produced  by  metamorphism. 

4.  Having  shown,  as  I  believe,  the  impossibility  of  the  three  before  mentioned  hy- 
potheses, I  have  only  to  express  my  agreement  with  the  opinion  that  the  formation  of 
tourmaline  took  place  in  the  day-slate  whilst  in  its  state  of  mud.  Dr.  Zirkel  has 
expressed  this  opinion  in  relation  to  the  development  of  the  *'  clay-slate  needles  *'  of 
Devonian  and  Silurian  clay  slates.  We  can  accept  this  theory  in  every  respect  as  to  the 
formation  of  tourmaline  in  the  Huronian  day-slates  from  the  iron  region  of  Lake 
Superior. 

The  opinion  that  metamorphism  can  take  place  in  clay-slate,  is  by  no  means  to  be 
disregarded.  I  consider  all  crystalline  schists  to  be  the  results  of  a  metamorphism,  and 
from  this  arises  the  opinion  that  three  different  stages  had  existed  before  a  rock  arrived 
at  its  present  stata :  1st.  The  deposition  on  the  bed  of  the  ocean.  2d.  The  formation 
of  crystalline  elements  during  its  state  as  mud.  8d.  The  metamorphism  by  which 
the  rock  enters  into  a  crystalline  state.  The  latter  takes  place  by  grradual  transitions. 
These  transitions  may  be  seen  by  careful  observation  in  that  of  micaceous  day-slate 
(phyllite)  into  mica-schist.  The  same  crystalline  elements,  such  as  tourmaline,  hema- 
tite, etc.,  are  present  in  most  crystalline  schists. 

Other  crystalline  elements  appaar  in  all  clay-slates.  We  can  now  especially  mention 
the  occurrence  of  hematite  in  day.  Its  simple  folia  are  blood-red  in  color,  and  some- 
times represents  sharply  defined  hexagons  (Spec.  161).  The  scales  and  folia  are  gener- 
ally round2d,  and  often  widely  spread  over  the  whole  rock  (Spec.  814,  from  the  Choco- 
late Marble  quarry). 

Small  colorless  folia  and  scales  of  mica  are  more  or  less  abundant  in  the  different 
specimens.  They  are  very  irregular  and  often  fringed.  Sometimes  they  are  aggre- 
gated in  dusters,  or  form  star-like  aggregations.  Some  folia  are  often  very  similar  to 
chlorite  (Spec.  2237). 

Small  cubes  of  pyrito  occur  now  and  then.  Carbonate  of  lime  is  present  in  some, 
spedmens  in  the  form  of  minute  colorless  scales.  Spec.  983  is  crossed  by  many  small 
veins  of  caldte,  which  are  naturally  of  secondary  origin. 

The  appearance  of  crystalline  quartz  is  remarkable,  and  by  this  peculiarity  it  is  readily 
distinguishable  from  the  fragmental  quartz  grains.  In  some  parts  fine  aggregations  of 
grains  appear  in  polarized  light.  They  show  the  same  appearance  as  is  characteristic 
of  the  quartz  in  the  crystalline  schists,  where  it  forms  the  groundmass.  I  consider  this 
state  as  the  beginning  of  a  change  into  a  crystalline  rock,  and  the  more  a  day-slate  is 
of  a  crystalline  nature,  the  more  it  shows  the  presence  of  such  aggregations.  This  con- 
dition is  comparable  with  the  act  of  crystallization  of  a  hyaline  substance.  There  is  as 
just  a  claim  to  establish  the  act  of  crystallization  out  of  a  poroiine  state.  The  presence 
of  amorphous  silicic  add,  or  of  an  amorphous  silicate,  has  already  been  shown  by  Dr. 
Zirkel,  and  the  Eame  substance  is  present  in  the  Huronian  clay-slates.  It  is  very  possi- 
ble that  this  porodine  substance  has  entered  into  a  crystalline  state,  and  in  consequence 
of  this,  the  before  mentioned  aggregations  of  quartz  appear. 

In  Spec.  814  many  small  rod-like  colorless  crystals  appear,  which  lie  parallel  to  the 
slate  planes. 

Distinct  fragmental  elements  are  sometimes  recognizable.  In  Spec.  807  there  appear 
fragmental  grains  of  quartz,  and  also  some  which  resemble  feldspar  very  much.  In 
Spec.  2147  fragmental  grains  of  quartz  are  also  present,  etc 
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Minute  and  irreg:ular  black  dots  of  coal  occur  in  more  or  less  quantities  in  all  sped- 
mens.  If  these  dots  represent  a  chief  constituent,  such  a  rock  is  called  **  carbonaceoua 
clay  slate." 

Brownish  amorphous  clusters  of  hydrated  oxide  of  iron  are  irregulariy  distributed. 
Spec.  2237  is  especially  filled  with  such  clusters. 

§  172.  We  may  finally  mention  the  occurrence  of  "j^yllite"  (micaceoos  day- 
slate).  These  rocks  represent  an  intermediate  state  between  day-slate  and  mica-schist 
Only  two  spedmens  could  be  examined. 

Spec.   692.    Boulder,  Ann  Arbor,  Mich.    (Origin  unknown.) 

Spec.  1526.    Mich.,  T.  46  N.,  R.  41  W.,  Sec.  13,  W.  branch  of  Ontonagon  B. 

These  rocks  also  contain  prisms  of  tourmaline.  Small  folia  and  scales  of  hematite, 
and  folia  of  mica  are  especially  abundant.  Aggregations  of  quartz  are  frequent,  but, 
however,  a  day-slate  substance  is  recognizable.  Spec.  692  contains,  rmcxoocojgioaSlj 
observed,  staurolite  of  a  yellow-color.  Rounded  grains  of  quartz  appear  in  the  sub- 
stance of  the  latter  mineral,  and  this  occurrence  of  quartz  is  an  especial  diaracter  of 
staurolite.^ 

§173.    b.  Carbonaceas  clay-slate. 

Spec.  1163.    S.  C.  Smith  mine,  Michigan. 

Spec.  2134.    Bed  XlII,  Wis.,  T.  39  N.,  R.  19  E.,  Sec.  11.  250  N.,  730  W. 

Spec.  2169.    Bed  XVIII,  Wis.,  T.  40  N.,  R.  18  E.,  Sec.  9,  800  N.,  4-50  W. 

Spec.  3064.    L'Anse  Iron  range,  Mich.,  T.  49  N.,  R.  33  W.,  Sec  9. 

In  a  thin  section,  a  greater  part  of  the  rock  appears  to  consist  of  carbonaceous  mat- 
ter. Between  the  irregular  black  dots  the  clay-slate  substance  is  recognizable.  The 
coal  either  forms  compact  dusters,  or  is  distributed  in  irregular  small  dots.  Sometimes 
they  are  placed  pamllel  to  the  schist-plane  (Spec.  2134).  The  day-slate  substance 
seems  generally  to  be  perfectly  isotropic,  but  by  polarized  light  some  crystalline  irregu- 
lar grains  of  quartz  appear  (Specs.  2134,  2169).  Some  folia  of  a  mica-like  mineral 
occur.  Sometimes  irregular  grains  of  a  yellowish-green  color  are  present  (Spec  2134), 
which  very  much  resemble  epidote. 

The  presence  of  carbonaceous  day -slates  among  the  Huronian  rocks,  seems  to  indi- 
cate the  presence  of  much  organic  life  at  the  period  of  their  formation.* 

§  174.    c  NovaculUe. 

Spec.  3013.    Morgan  Furnace  Quarry,  Marquette,  Mich. 

•riie  day-slates  which  are  rich  in  quartz,  and  in  consequence  are  very  hard,  are 
called  novaculite.  A  day -slate  substance  is  also  recognizable  in  a  thin  section  of  this 
rock,  and  it  is  filled  with  a  dust-like  material  and  a  little  hydrated  oxide  of  iron,  bat 
the  whole  rock  shows  a  very  crjrstalline  structure  and  composition.  The  well  known 
aggregations  of  irregular  quartz  grains  are  distinctly  recognizable  by  polarized  light 
We  observe  many  small,  colorless  scales  of  a  foliaceous  mineral,  which  is  probably 
talc.  They  all  run  parallel  to  the  schist  plane.  Prisms  of  tourmaline,  generally  broken 
into  several  pieces,  occur  here  and  there.  This  mineral  also  appears  in  the  form  of  fine 
microlites.  Hematite,  in  the  form  of  small  blood- red  folia,  is  irregularly  distributed 
throughout  the  whole  rock. 

The  presence  of  garnet  is  remarkable.  This  mineral  occurs  in  small,  irregular 
grains,  which  are  quite  distinguishable.  By  polarized  light  they  can  be  recognized  as 
perfectly  isotropic  bodies.  Dr.  Zirkel  established  the  fact  of  the  presence  of  numerous 
grains  of  garnet,  which  showed  the  composition  of  "  ripessartine  "  in  a  "  whetstone  " 
from  Recht  in  the  Ardennen. 

>  Zirkel,  Mikroskop.  Beschaffenbeit,  p.  201. 

ST.  B.  Brooks  in  American  Jonmol  of  Science  and  Arts,  Vol.  ZI,  Karch,  1875. 
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g  175.    24.  Sandstone. 

Sanilstones  represent  an  important  division  among  the  fragmental  rocks.  They  consist 
chiefly  of  fragments  of  quartz,  which  have  been  cemented  by  different  substances. 
Many  sandstones  when  examined  by  the  naked  eye  are  like  quartzite,  but  their  frag- 
mental character  can  be  shown  distinctly  by  the  aid  of  the  microscope.  In  quartzite, 
an  interstitial  substance  can  never  be  present.  The  greater  part  of  the  examined  spec- 
imens have  been  called  "  quartzite." 

The  cement  which  joins  the  fragments  of  quartz  together,  is  sometimes  varied  in  its 
nature.  It  may  be  represented  by  carbonate  of  lime,  by  hydrated  oxide  of  iron,  or  by  a 
silicate  of  protoxide  of  iron,  etc 

176.    a.  The  cement  consists  of  carbonate  of  lime. 

Spec.  1621.    South  of  Lake  Hanbury,  Menominee  region. 

Spec.  2267.    Mich.,  T.  39  N..  R.  29  W.,  Sec  16,  1575  N.,  30  W. 

Spec  2258.    Mich.,  T.  39  K.  R.  29  W.,  Sec.  16,  1540  N.,  30  W. 

lliese  specimens  are  all  from  the  same  bed. 

The  quartz-grains  are  perceptible  by  a  glance  through  the  microscope.  Their  angular 
and  rounded  forms  point  to  the  fragmented  origin  of  their  individual?.  These  fragments 
of  quartz  are  partly  filled  with  numerous  rows  of  fluid-enclosures,  and  partly  contain 
delicate  black  needles. 

The  cement  which  joins  the  fragments  together,  consists  for  the  greater  part  of  car- 
bonate of  lime,  which  in  most  of  them  has  the  appearance  of  distinctly  recognizable 
calcite.  There  are  also  present  sharply  defined  rhombohedra,  which  surround  the  grains 
of  quartz  as  irregular  individuals,  and  which  in  many  cases  are  twinned.  Finally  car- 
bonate of  lime  forms  small  regular  grains,  which  compose  the  greater  part  of  the  cement. 

The  scales  and  rhombohedra  of  calcite  show  in  polarized  light  the  characteristic  pale- 
blue  color,  while  the  lamellsB  of  the  twinned  individuals  sometimes  show  different  bright 
colors.    Spec.  2258  is  rich  in  twinned  individuals. 

In  the  before  mentioned  chalky  cement,  numerous  small  black  particles,  irregularly 
distributed,  are  to  be  observed.  They  are  mostly  aggregated  in  small  clusters,  but  also 
occur  singly.  This  mineral  is  not  soluble  in  hydrochloric  acid,  and  therefore  cannot  be 
magnetite.  If  small  pieces  of  the  rock  are  melted  by  the  aid  of  the  blow-pipe  these 
black  particles  disappear,  and  they  are  therefore  probably  carbonaceous. 

These  sandstones  are  sometimes  crossed  by  small  veins  of  quartz.  They  consist  of 
aggregations  of  small  grains,  and  sometimes  also  contain  scales  of  calcite  and  minute 
coal  dots. 

§  177.    b.  The  cement  consists  of  hydrated  oxide  of  iron. 

Spec  2259.    Mich.,  T.  39  N.,  R.  29  W.,  Sec.  16, 1300  N.,  30  W. 

This  specimen  is  richer  in  quartz  than  the  before  mentioned;  the  cement  being  in  a 
less  quantity. 

The  fragments  of  quartz  here  contained  consist  of  rounded  and  angular  grains.  They 
are  partly  filled  with  numerous  small  fluid  enclosures,  often  dust-like  in  appearance 
under  low  power,  and  partly  contain  numerous  small  brisUe-like  microlites. 

The  cement  which  joins  the  fragments  of  quartz,  seems  to  consist  chiefly,  in  this 
case,  of  hydrated  oxide  of  iron.  It  represents  a  dirty-brown;  amorphous  substance,  in 
which  numerous  small  black  coal  dots  are  imbedded. 

This  rock  falls  to  pieces,  when  boiled  in  hydrochloric  acid,  and  forms  a  sand  consist- 
ing of  grains  of  quartz,  whilst  the  hydrated  oxide  of  iron  dissolves  in  the  acid. 

This  sandstone  is  sometimes  also  crossed  by  small  veins  of  quartz,  which  show  under 
the  microscope  the  same  appearance  as  those  mentioned  in  §  176. 

It  appears  as  if  metamorphic  action  had  taken  place  in  this  rock.    Probably  the 
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cement  consisted  formerly  of  carbonate  of  lime,  for  we  still  recognize  sharply  defined 
rhombohedra,  which  now  consist  of  hydrated  oxide  of  iron.  There  can  be  no  doubt, 
that  these  rhombohedra  formerly  represented  crystals  of  caldte. 

§  178.    c  The  cement  consists  of  a  silicaU  of  protoxide  of  iron. 

Spec.  1447.    Mich.,  T.  47  N.,  R.  46  W.,  Sec,  12,  S.  half. 

The  chief  constituent  of  this  rock  is  qoartz,  which  appears  in  the  form  of  angolar 
grains,  partly  filled  with  numerous  fluid  enclosures,  miciolites,  etc 

Besides  this,  feldspar  occurs,  also  present  in  the  form  of  irregular  graioi.  It  ii 
remarkable  that  the  mdividuals  of  this  mineral  are  very  fresh  and  unaltered.  Oitho- 
clase  appears  with  bright  colors  in  polarized  light,  and  plagioclase  shows  its  be«itifal 
and  characteristic  twin-iamellation. 

Some  grains  of  magnetite  are  recognizable. 

The  cement  which  joins  the  before  mentioned  constituents  of  this  rock  together  is 
homogeneous  in  appearance.  It  is  of  a  green  color,  and  perfectly  isotropic,  as  may  be 
seen  in  polarized  light.  In  consequence  of  the  greenish  color  and  of  its  homogeneoos 
nature,  I  consider  it  to  ba  a  silicate  of  protoxide  of  iron.  On  finishing  the  microsoopccal 
examination  of  this  rock,  I  had  no  material  left  from  wMch  to  determine  its  chemical 
composition.  Throughout  the  cement,  black,  irregular  dots  of  coal  are  irregulariy  dis- 
tributed.   Some  minute  scales  of  carbonate  of  lime  occasionally  appear. 

§179.    d.   The  cement  consists  of  an  <^1ine  substance  or  an  amorphous  silicate. 

Spec.  242.    Mich.,  T.  47  N.,  R.  26  W.,  Sec  3,  S.  W.  qr.  of  N.  E.  qr. 

The  angular  and  rounded  grains  of  quartz  contain  numerous  fluid'endosores.  Some 
individuals  of  orthoclase  are  present,  which  are  sometimes  twinned  according  to  the 
Carlsbad-law. 

The  cement  is  colorless  in  its  substance  and  anidrphous.  It  is  uncertain  whether  it 
consists  of  an  opaline  substance  or  represents  an  amorphous  silicate. 

Numerous  folia  and  scales  of  a  mica-like  or  chloritic  mineral  are  imbedded  in  this 
cement.  Irregular  clusters  of  hydrated  oxide  of  iron  occur.  Small,  black  paitidft 
are  distributed  througrh  the  whole  rock,  which  are  carbonaceous. 

§  180.    25.  Chert-breccia. 

(Uomstone  Breccia.) 

Spec.  1487.    Sunday  Lake  outlet,  Mich.,  T.  47  N.,  R.  45  W.,  Sec  18,  \7.  side 

Chert  is  always  composed  of  a  crsrstalline  aggregation  of  small  quartx-grains,  as  mMj 
be  seen  in  polarized  light. 

This  rock  consists  of  irregular^  angular  fragments  of  greenish-gray  chert.  They  ap- 
p}ar  colorless  in  a  thin  section,  but,  microscopically  observed,  the  fragments  are  fur- 
nished with  many  enclosures.  Sharply  defined  rhombohedra  are  especially  present  in 
great  numbers.  These  crystals  possess  a  rough  surface,  and  belong  probably  to  caldte. 
They  often  contain  a  dust-like  substance.  The  individuals  are  sometimes  aggregated 
in  clusters,  which  then  represent  star-like  aggregations.  The  outlines  of  the  fragments 
of  homstone  are  also  surrounded  by  calcite,  and  the  ends  of  these  reach  into  the  before 
named  fragments. 

Fluid  enclosures  are  abundant  in  some  grains.  Small,  nearly  ooloriess  needles  and 
scales  occur  everywhere,  and  green  folia  of  chlorite  are  not  unfrequent. 

The  substance  which  cements  the  fragments  of  chert  seems  also  to  be  a  ulioeoaa 
one.  It  becomes  transparent  in  some  parts  of  a  thin  section  only,  and  here  we  reoo^ 
nize  it  as  consisting  of  quartz,  which  is  filled  with  numerous  particles,  and  irregnkr 
grains  of  calcite.  Besides  this  a  dust-like  substance  is  present,  in  consequence  of  which 
the  cement  is  not  pellucid.  Some  irregular  folia  of  chlorite  occur,  and  also  a  black 
opaque  substance. 
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APPENDIX  A. 

Letters  and  Notes  of  Dr.  T.  Sterry  Hunt  on  the  iron-hearing  and  associated 
rocks  of  the  Marquette  region,  and  comparisons  with  the  Archcean  of  Canada  and  of 
the  Eastern  UniUd  States.^ 

Extracts  of  a  letter  to  Prof.  Alex.  Winchell,  dated  Montreal,  Nov.  26, 1869,  with 
regard  to  certain  Huronian  greenstone  rocks  from  Northern  Michigan,  sent  the  author 
for  examination :  "My  own  observations  on  the  Huronian  of  Canada  date  back  fifteen 
or  twenty  years,  and  were  made  on  specimens  collected  by  Mr.  Murray  in  his  surveys. 
I  have,  however,  since  studied  with  much  care  the  similar  rocks  formed  in  the  Lauren- 
tian  [Norian,  then  included  as  Upper  Laurentian]  and  the  (so-called)  altered  Paleozoic 
areas  of  Eastern  Canada  and  elsewhere.  In  no  case  does  the  impossibility  of  giving 
distinct  names  to  mixed  crystalline  rocks  present  itself  more  forcibly  than  with  the 
present  class.  They  are,  for  the  most  part,  mixtures  of  an  anorthic  feldspar  with  an 
amphibolitic  mineral,  generally  pyroxene  or  hornblende,  but  by  the  disappearance  of 
the  feldspar,  passmg  into  pyroxenite  or  amphibolite ;  while,  on  the  other  hand,  the  feld- 
spar sometimes  constitutes  ninety-five  per  cent,  of  the  ma^,  and  we  have  something^ 
near  to  a  normal  anorthosite  rock.  Again,  the  feldspar  ranges  from  anorthite  to 
oligoclase,  and  even  to  albite,  while  the  amphibolic  element  may  be  either  pyroxene  or 
hornblende,  or  in  some  cases  a  mixture  of  the  two.  In  many  instances  this  exhibits  a 
sort  of  degeneration,  indicated  by  a  less  degree  of  hardness,  and  passes  into  more  or 
less  hydrated  and  aluminous  mixtures,  related  to  chlorite  or  delessite  in  composition, 
and  this,  in  some  cases,  while  still  retaining  the  form  of  hornblende  or  diallage.  Add 
to  this  the  great  variations  in  texture,  from  coarse,  apparently  granitoid  mixtures,,  to  fine 
impalpable  aggregates  like  some  greenstones,  whose  constituent  minerals  can  only  be 
determined  by  ultimate  analysis.  Fortunately,  these  various  rocks  so  pass  into  each 
other  that  their  minute  definition  is  of  no  great  consequence.  For  these  mixed,  partly 
feldspathic  rocks,  we  have  but  three  or  four  definite  names,  dolerite  and  diabase  for 
pyroxenic,  and  diorite  for  homblendic  felsites  (anortholites)."  To  this  follow  descrip- 
tions of  various  specimens,  designated  as  diorites  of  various  characters,  chloride  schists, 
and  chloritic  diorites,  sometimes  amygdaloidal.  Reference  is  also  made  in  the  letter  to 
the  Geology  of  Canada,  published  in  1863.    Chapter  XX.    See  pages  602-612. 

The  general  results  of  these  examinations  and  of  those  of  subsequent  collections,  are 

set  forth  in  a  subsequent  letter  of  Dr.  Hunt  to  M^jor  Brooks,  dated  Montreal,  Feb.  22, 

1871,  which  is  subjoined. 

Montreal,  Feb,  22, 1S11, 

My  Dear  Sir:  —  Various  circumstances  have  combined  to  make  me  delay  so  long 
any  reply  to  your  letters  of  Nov.  29  and  Dec.  6.  I  find  you  are  waiting  my  conclusions, 
some  of  which  are  very  interesting  and  important.  You  remark  about  the  mica-schists 
as  being  supposed  by  m3  wanting  in  the  Huronian  of  Canada,  and  you  send  me  Nos. 
1215, 1154i  1152, 1153.  Now  I  have  for  some  time  past  recognized  a  tnica-sehist  series 
which  I  supposed  to  overlie  the  Huronian,  in  fact  the  White  Mountain  series,  provision- 
ally named  by  me  Terranovan  [and  since  called  Montalban].    See  Am.  Jour.  July,  1870. 

>  They  should  have  appeared  in  my  Mich.  Geol.  Report,  Vol.  1, 1873.  The  specimens  referred  to 
by  Dr.  Hnnt  are  in  my  collection  now  deposited  in  the  Amer.  Muscnm  of  Natural  History,  New 
york.-T.B.B. 

Vol.111.— 42 


Digitized  by 


Google 


658  GEOLOGY  OF  THE  MENOMINEE  IRON  REGION. 

I  was  therefore  delighted  to  find  in  the  spedraens  just  named  well-characterized  White 
Moantain  mica-schifits,  holding  garnets  and  well  defined  crystals  of  staorolite  [1153]; 
while  the  peculiarly  knotted  mica-schist  is  not  less  characteristic.'  These  rocka  are 
abundantly  spread  to  the  north  of  Lake  Superior,  as  last  years  collections  show  me;  bat 
although  I  have  not  there  been  able  to  fix  their  relation  to  the  Huronian  diorites,  tal- 
cose  schists,  iron  ores,  etc.,  I  conclude,  from  the  facts  seen  near  Portland  in  Maine,  and 
those  described  by  Rogers  in  Penn.,  that  they  are  overlying  rocks  and  in  some  cases  at 
least  unconformably  so.  You  say  that  "  they  are  the  youngest  rocks  in  the  region  be- 
longing to  the  Huronian."  •  I  suspect  that  they  belong  to  the  same  series.  I  distin- 
guish three  crystalline  gneissic  series:  I.  Laurentian  (not  to  speak  for  the  present  of  the 
Labrador),  II.  Huronian,  III.  Terranovan  [Montalban];  these  bemg  respectively  in 
the  United  States,  the  rocks  of  the  Adirondacks,  the  Green  Mountains  and  the  White 
Mountains.  I  hope  you  will  be  able  to  decide  whether  there  is  any  want  of  conformity 
between  II  and  III  in  your  region.'  I  should  mention  that  in  Hastings  Co.,  Ontario, 
the  three  series  all  are  represented,  and  that  there  is  apparently  a  stratigraphical  break 
between  each. 

The  collections  sent  last  year  from  Smith  [since  called  Republic]  Mt.  and  vicinity,  are 
also  members  of  what  I  regard  as  the  III  series,  ^d  quite  unlike  the  Huronian  ty^ 
II.  I  have  laid  out  before  me  580,  584,  585,  586, 588,  590,  593.  597,  599,  601,  603,  601 
605,  606.  608,  615,  616,  620,  621,  626,  627,  623,  629,  634,  635,  636,  633,*  all  of  which  I 
conceive  belong  to  III.  The  dark  mica-schists  580,  593,  590  (with  garnets),  606,  do., 
the  mixed  hornblende  (actinolite),  with  mica  and  garnet,  620,  and  the  peculiar  mica- 
schists,  635,  636.  638,  are  noticeable.  Many  of  these  rocks  are  very  quartzose,  as  599, 
•604.  Feldspar  is  occasionally  developed,  giving  a  gneiss,  which  is  seen  in  619,  and 
better  in  628,  in  which  the  white  deavable  orthoclase  is  developed  so  as  to  form  a 
porphyritic  gneiss.  I  find  also  a  small  specimen,  1174,  which  has  the  characters  of 
the  series  III,  and  I  shall  be  pleased  to  hear  something  of  its  stratigraphical  relations,' 
as  well  as  that  of  the  numbers  580  to  638.  It  will  be  most  important  to  know  their 
relations  to  the  ordinany  Huronian  type  of  rocks,  II,  i^d  to  learn  whether,  like  1215, 
1151-1154,  they  belong  to  the  summit  of  your  series  of  crystalline  schists. 

As  regards  series  II,  which  was  in  1862  declared  by  Macfarlane  to  be  the  same  with 
the  Green  Mt.  group,  I  have  for  some  time  been  of  that  opinion,  and  have  briefly 
expressed  it  in  a  paper  on  the  rocks  of  E.  Mass.,  read  last  October  to  the  Bost.  Nat. 
Hist.  Soc.  (not  yet  published),  which  compares  the  dioritic,  chloritic  and  homblendic 
rocks  of  the  two  series.  Their  copper,  nickel  and  iron  ores  are  characters  in  common. 
My  opportunities  for  studying  the  Huronian  had  been  very  imperfect,  as  Mr.  Murray's 
collections  were  so,  and  were  made  many  years  ago,  and  since  remain,  with  few  excep- 
tions, packed  away.  It  was  not  therefore  till  I  saw  the  Huronian  rocks  displayed 
along  the  coast  of  New  Brunswick,  that  I  realized  how  much  they  were  like  the  Green 
Mt.  rocks,  all  of  the  types  of  which  may  be  found  on  the  Bay  of  Fundy  from  Eastport 

>  Jaat  as  thin  manuscript  was  leavins  my  hands,  I  was  enabled,  thron^h  the  kindness  of  Prttf.  C. 
H.  Hitchcock,  to  examine  hastily  his  suite  of  New  Hampshire  rocks  in  the  Amer.  Hus.  of  Nat.  liisU, 
N.  T.  Certain  Paleozoic  crystalline  rocks  embraced  by  him  under  the  name  Cooi  group,  seemed 
vo  both  of  us  to  have  more  lithologlcal  resemblance  to  my  mica-schists  (bed  XIX)  than  to  the  older 
Montalban  rocks.  Tho  presence  of  the  two  collections  of  N.  H.  and  Mich,  rocks  In  the  same 
building  enable  the  comparison  to  be  rery  satisfactorily  made.— T.  B.  B. 

s  In  the  Menominee  and  probably  Marquette  regions,  a  younger,  heavy  and  apparently  confonn*> 
ble  granitic  bed  has  been  made  out.  which  gives  off  dykes  Into  the  underlying  schistii.— T.  B.  B. 

« They  are  unquestionably  conformable  over  a  wide  area.— T.  B.  B. 

«  All  these  specimoas  are  Huronian  except,  perhaps.  Nos.  606,  616.  6^,  and  belong  to  the  middle 
and  lower  divisions,  and  are  mostly  banded  ferruglnoos  ichlsts,  greenstones,  mica  sdiUte  and 
quartzites.— T.  B.  B. 

•  From  bed  X.  Middle  Hnronian.— T.  B.  B. 
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to  the  head  of  the  bay.     The  same  rocks  are  equally  well  seen  in  Hastings  Co^  40 
miles  from  L.  Ontario. 

Your  Michigan  slates,  1046, 1051,  and  1081,  1176, 1164,  greenish,  unctuous,  talc-like 
in  feeling,  are  just  like  those  which  are  with  our  iron  ores  in  the  Green  Mountain 
chain.  Again,  the  diorite  rocks,  504,  50^,  69,  the  latter  with  epidote  and  calcite  in  the 
same,  are  very  typical  varieties;  508  is  a  veiy  magnesian  diorite,  as  I  found  by  a  par- 
tial analysis,  and  the  film  in  the  joints  of  the  rock  owes  its  fine,  rich  green  to  chromium, 
which  seems  to  be  a  common  accompaniment  of  the  magnesian  rocks  of  this  group.  1 
should  expect  the  serpentine  of  Presqu'  isle  to  be  chromiferous.^  The  diorites  along  the 
shore  of  the  Bay  of  Fundy  are  associated  with  chromiferous  serpentines;  1214  is  a 
greenish  micaceous  schist  with  garnets,  and  295  an  obscure  rock  of  the  same  kind;  1097 
is  a  scaly  chlorite  with  garnets.  It  is,  however,  difficult,  if  not  impossible,  to  define 
separately  the  various  types  of  these  rocks,  and  one  can  do  little  more  than  name,  as 
lithologists  have  generally  done,  the  few  well  marked  and  characteristic  forms,  leaving 
the  great  mass  in  a  sort  of  chaos.  The  general  character  of  the  great  groups  among 
the  crystalline  rocks  are,  however,  well  defined.  Among  your  rocks  is  an  argillite  with 
the  limestone,  a  reddish,  unctuous  rock,  which  I  recognize  as  not  unfrequent  in  the 
same  position  with  us  in  Canada,  and  also  in  Rhode  Ifdand. 

There  are  four  other  argillites,  1201,  238,  264,  958,  all  showing  a  distinct  cleavage, 
independent  of  the  bedding.  I  should  like  to  know  their  history  and  their  geological 
place.'  As  regards  the  placing  of  the  subordinate  divisions  of  this  series  II,  I  think  we 
are  not  yet  in  possession  of  facts  enough  to  subdivide  the  series.  I  hope  your  report 
will  give  us  much  information  on  the  subject.  I  forgot  to  mention  the  plumbaginous 
schists,  644  and  another,  very  soft  and  bluish,  1163.  We  have  such  in  our  Green 
mountains,  but  I  do  not  feel  sure  of  their  place.  Plumbaginous  mica-schists  also  occur 
in  III,  in  New  Hampshire.* 

You  ask  about  several  specimens,  viz.:  1110,  which  seems  a  fine-grained  compact 
dolerite;  416,  a  distinctly  granular  diorite;  417,  a  fine-grained  green  diorite,  looks  more 
like  a  bedded  rock  than  a  dyke;  418,  coarsely  crystalline  diorite;  419,  like  417.* 

I  have  thus,  1  think,  toudied  on  the  principal  x>oint8  of  interest  in  your  ooUecUon,  of 
which  the  two  great  facts  are  the  close  resemblance,  and  I  believe  the  identity,  of  the 
great  iron-bearing  dioritic-talcose  •  series,  with  Green  Mt.  series  II,  and  the  equally 
close  resemblance  of  the  rocks,  1215, 1151  to  1154,  with  the  White  Mt  series  III,  which 
I  conceive  to  belong  to  a  higher  horizon  (see  on  this  point  a  note  to  my  paper  on 
granitic  rocks,  2d  part,  Amer.  Jour.  Sci.  for  March).  I  really  hope  that  I  have  not  de- 
layed too  long  to  be  of  use  to  you;  I  fear  so  when  I  read  your  note  of  Feb.  11. 

A  word  about  feUites.  I  have  a  large  specimen  of  conglomerate,  with  native  copper 
in  the  paste,  from  \h<Q  Albany  and  Boston  Mining  Co.'s  property,  brought  me  by  Macfar- 
lane,  who  has  briefly  described  it  in  the  Geol.  Rep.,  Canada,  1866,  p.  156.  The  por- 
phyry boulders  and  pebbles  of  which  he  there  speaks,  are  fine  examples  of  the  felsite  of 
which  I  wrote  you,  better  named  euriU  or  petrosilex,  and  passing  into  quartziferous 
porphyry.  See  my  paper  in  Amer.  Jour.  Sci.,  Feb.,  1871,  p.  84.  §  5,  for  a  notice  of  these 
rocks.  Now,  what  is  the  source  of  these  boulders?  I  suspect  it  will  be  found  to  be  in 
the  lower  part  of  the  Huronian  system,  for  it  has  the  typical  character  of  the  Huronian 
eurites,  as  seen  all  along  the  £.  coast  of  New  England,  from  Rhode  Island  to  New- 

>  It  is  not  certain  that  thU  U  of  HaronUn  age.  Serpentine  is  rare  in  this  series,  and  is  appar- 
ently an  altered  greenstone.— T.  B.  B. 

s  Middle  and  Lower  Horontan,  associated  with  qnartzitos  or  limestones.  —  T.  B.  B. 

'  Carbonaceons  slates,  sometimes  graphitic,  are  very  abundant  in  the  lower  part  of  the  Upper 
Hnronlan,  in  the  Menominee  region.— T.  B.  B. 

4  Those  specimens  are  all  fkx>m  well-defined  dykes,  which  are  rare  in  the  Huronian.  —  T.  B.  B. 

•  Dr.  Hunt,  I  suppose,  includes  here  the  unctuous-feeling  schists  which  are  now  being  called 
hydro-micaceous.— T.  B.  B. 
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foandland,  and  also  north  of  Lake  Ontario.  Do  you  know  any  such  rock  tit  situ  ?  '  and 
have  yoa  perhaps  deemed  it  emptive  ?  Many  thanks  for  the  note  about  the  iron  ore,  aa 
as  to  the  origin  of  the  hydrous  ore  by  hydration  of  hematite.  I  do  not  feel  disposed  to 
admit  it,  for  we  have  no  proof  that  hematite  ever  becomes  hydrated,  bat  dear  proof 
that  hydrous  and  anhydrous  oxides  may  be  successively  deposited.  Thus  we  have 
hydrous,  anhydrous  and  half-hydrated  oxides  often  associated,  and  in  such  ways  as  to 
show  that  they  represent  different  stages  in  the  process  of  deposition.  Small  variatioo 
in  temperature  may  affect  the  change  (Dana*8  Min.,  5th  ed.,  p.  168.) 

Hoping  soon  to  hear  from  you  and  to  learn  that  these  notes  are  in  time,  I  remain, 
with  best  regards  to  Prof.  Winchell  and  yourself, 

Very  ^thfully  yoursy 

To  Major  T.  B.  Brooks.  T.  Stkrrt  Huirr. 

Philadelphia,  Pesn.,  May  20,  t87d. 

Dear  Major  Brooks:  ♦  ♦  ♦  The  announcements  made  in  my  letter  to  yoa 
identifying  the  formations  XIX  and  XX  (the  micaceous  schists,  with  homblendic  and 
staurolitic  schists  and  the  white  feldspathic  gneisses)  with  the  Montalban,  which  I  at 
that  time  (1871)  ventured  to  declare  to  belong  to  a  newer  and  distinct  series  from  the 
Huronian,  were,  as  you  know,  an  anticipation  of  some  years  of  the  published  conclusions 
of  yours  that  they  are  the  youngest  Huronian  rocks,  a  strong  confirmation  of  the  great 
value  of  the  distinctions,  which  in  my  letter  to  you  of  Feb.  22,  1871,  were  presented  for 
the  first  time.  All  my  subsequent  work  in  Pennsylvania  (Proc.  Amer.  Assoc.,  1876) 
and  in  North  Carolina,  as  well  as  Fontanels  work  in  Virginia,  have  confirmed  this. 

I  count  this  a  great  point  gained  in  American  stratigraphy  —  the  recognition  of  the 
newer  gneissic  series  above  the  Huronian,  to  which  I  have  given  the  name  of  Montalban. 
(The  Terranovan  suggested  in  1870,  was  made  up  of  Montalban  and  Taconian,  as  I  have 
since  shown.)  Another  point:  In  1873,  after  I  had  discussed  the  matter  with  you  in 
Marquette  in  August,  1872,  I  became  satisfied  that,  in  opposition  to  your  view,  th2 
copper  rocks  were  unconformable  to  the  Huronian,  and  in  February,  1873,  called  them 
a  distinct  group,  the  Keweenaw  group  (Trans.  Amer.  Inst.  Min.,  Eng.,  Vol.  I,  pp.  3^39, 
341).  It  was  in  March,  1875,  two  years  later,  that  you  announced  the  same  conclos'on 
and  called  them  Keweenawian,  to  which  I  replied  by  i-ecalling  my  previous  statement 
and  suggesting  the  more  euphonious  Keiccenian  (see  Harper's  Annual  Record.  1876, 
XCV).  Keweena  and  Keweenawon  were  written  by  early  voyagers,  and  the  syllable 
aw  is  the  bit)ada  of  the  Canadians;  so  Keweena  gives,  I  think,  Keweenian.*      •        ♦ 

Very  truly  yours, 

T.  Sterry  Hunt. 

>  Prof.  Irving  describes  heavy  bads  of  Haronian  qnartz-porphyries,  associated  with  qnartxitcs. 
in  central  Wisconsin.  A  porphyrite  occurs  at  the  Pemlnee  falls,  south  of  the  Menominee  region, 
belonging  probably  to  the  upper  Huronian,  and  it  is  exceedingly  probable  that  the  porphyries  de- 
scribed in  Owen*s  report,  on  the  Minnesota  shore  of  Lalce  Superior,  are  of  lluronian  age.  I  think 
it  may  be  confidently  asserted  that  no  porphyry  occurs  in  the  Marquette  and  Bad  R.  Huronian, 
which  Join  the  copper  scries  south  of  L.  Superior.  Is  it  not  probable  that  the  material  of  the  por> 
phyries  and  conglomerates  of  the  Keeweenaw  series,  came  from  the  N.  W.?— T.  B.  B. 

'My  paper,  Am.  Jour.  Scl.,  March,  1875,  was  written  in  Dresden,  where  I  had  not  access  to  the 
literature  pertaining  to  these  rocks,  and  was  not  then  aware  that  Dr.  Hunt  had  suggested  the  name 
which  I  applied  to  the  copper-bearing  series,  which  from  my  own  personal  observations  I  belieTed 
I  had  proved  to  be  non-conformably  interposed  botwocn  the  Huronian  and  Silurian  of  the  Lake 
Superior  basin.  —  T.  B.  B. 
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APPENDIX  B. 

SKETCH  OF  THE  LAUBENTIAN  ROCKS  OP  MICHIGAN. 

The  followkg,  prepared  four  years  since,  chiefly  for  the  information  of  explorers  and 
mineral  prospectors,  would  not  appear  here  save  that  there  still  seems  to  be  a  great 
lack  of  information  regarding  this  important  system  south  of  Lake  Superior.  It  is  a 
promising  field  for  the  stratigrapher  and  lithologist. 

Mica  gneiss.  This  very  abundant  rock  throughout  the  Laurentian  area,  contains 
usually  as  essential  ingredients:  grajdsh  white  and  reddish  orthoclase  feldspar,  grayish 
white  to  smoky  quartz,  and  usually  dark,  but  sometimes  silvery,  colored  mica;  chlorite 
is  often  present,  pyrites  very  common,  and  epidote  rare. 

In  texture  it  varies  from  fine-grained  through  a  coarse  variety,  in  which  there  is  less 
mica,  to  a  granitic-gneiss,  often  porphyritic,  with  large  crystals  of  feldspar,  where  the 
only  indication  of  bedding  is  a  general  parallelism  in  tiie  rectangular  facets  of  the  feld- 
spar crystob.    This  variety  is  very  abundant  southeast  of  Michigamme  lake.^ 

Frequently  the  mica,  which  is  seldom  abundant^  is  replaced  by,  or  seems  to  pass  into, 
chlorite,  forming  a  well  characterized  and  very  abundant  chloritic  gneiss,  which 
often  contains  garnets.*  By  the  disappearance  of  the  feldspar  and  quartz,  a  chloritic 
schist  is  produced,  which  in'  the  Lake  Gogebic  region  (if  its  age  was  properly  made 
out)  is  very  abundant. 

In  the  same  manner,  but  rarely,  a  talcy  gneiss  related  to  protogine  is  produced. 

Homblendic  gneiss.  Almost  equally  abundant  is  the  homblendic  variety,  in  which 
a  greenish  black,  sparkling  hornblende,  wholly  or  in  part,  replaces  the  mica.  It  is 
often  fine-grained  and  schistose,  and  not  unfrequently  banded.  This  rock  seems  char- 
acterized by  the  tendency  of  its  hornblende  to  become  altered  into  a  chloritic  mineral, 
sometimes  without  losing  its  form.  By  this  process  it  is  believed  that  many  of  the 
numerous  beds  of  chloritic  gneiss  have  their  origin. 

An  interesting  banded  epidotic  variety  occurs  near  Lake  Gogebic,  and  has  been  fully 
described  by  Mr.  Julien.* 

Hornblende  schist.  By  the  prevalence  of  hornblende  in  homblendic-gneiss,  orig- 
inates a  true  hornblende  schist.  In  certain  fine-grained  varieties  which  occur  south  of 
Felch  Mt.,  the  hornblende  has  much  the  appearance  of  black  mica.  A  variety  contain- 
ing chlorite  occurs  northwest  of  Michigamme  lake. 

The  rock  is  rare  in  the  Gogebic  district,  and  most  abundant  in  the  Menominee  region, 
where  an  interesting  variety,  in  which  the  hornblende  was  distributed  in  long,  parallel, 
black  prisms,  with  white  quartz  and  little  feldspar,  la  abundant  in  the  north  part  of 
T.  41,  R.  29,  Mich.  These  prisms  are  often  fine  and  needle-like,  lying  parallel  with  the 
schistose  planes.  A  slaty  structure  is  sometimes  approached  and  the  rock  is  often 
banded.  It  usually  contains  but  little  quartz  or  feldspar.  However,  a  variety  in  which 
the  feldspar  considerably  preponderates  —  a  hornblende-feldspar  rock — has  been  ob- 
served. 

>  If  we  snppote  the  mtca  to  disappear  from  a  fine  grained  Tarlety  of  gneiss,  a  granuliUt  rocii 
would  result,  and  if  in  this  variety  the  quartz  greatly  predominates,  a  quartzite  would  be  produced. 
This  is  believed  to  be  ttie  case  in  the  few  Instances  in  wnich  thin  beds  of  these  or  related  rocks 
occur,  hence  they  will  not  be  considered  as  distinct  kinds. 

^  A  schist  believed  to  be  Laurentian,  with  highly  contorted  lamine  and  rich  in  small  rose-colored 
garnets,  was  observed  on  the  southeast  side  of  the  Republic  Mountain  in  the  Marquette  region. 

>  Mich.  Geol  Report,  1878,  Vol.  II,  p.  187  [18:il]. 


Digitized  by 


Google 


662  GEOLOaY  OF  THE  MENOMINEE  IRON  REGION. 

llie  adust  is  occasionally  Ycry  fine-graiiied,  and  again  a  coarse  and  almost  mudn 
syenite  or  hornblende  rock;  the  latter  variety  containing,  in  some  instances,  magnetite. 
Specks  of  iron  pyrites  are  not  infrequent. 

The  fact  that  homUcnde  schist  is  often  one  of  the  most  oonspicnoos,  althoogh  not 
most  abmidant,  rocks  in  the  Laarentian,  is  owing  to  the  strong  contrast  of  color  iti 
dark  strata  presents  when  bedded  in  the  light-colored  gneiss  and  granite. 

Chloritic  gneiss.  The  tendency  of  the  homblendic  yariety  to  pass  through  altera- 
tion of  the  amphibole  into  this  perhaps  most  abundant  and  wide-spread  raiietj  of 
gneiss,  has  been  noticed.  The  greenish-black  or  brown,  soft,  foliaccous  mineral,  chine- 
teristic  of  this  rock,  has  often  such  an  intermediate  character  between  chlorite  and  mica 
as  renders  its  determination  difficult.  Epidote  is  more  common  in  this  variety  than  in 
either  of  the  others,  and  in  it  minute  vems  of  calcite  are  sometimes  found. 

Chloritic  gneiss  in  several  varieties,  white-banded,  reddish,  partially  decomposed,  is 
very  abundant  near  the  head  of  Lake  Gogebic,  south  and  southeast  of  L'Anse,  at  the 
mouth  of  Dead  river,  and  in  the  Menominee  region. 

A  variety  of  chloritic  gneiss,  containing  an  appreciable  amount  of  seriate  or  talc, 
occurs  on  Sec,  16,  T.  49  N.,  R.  33  W.,  Michigan,  and  many  varieties  have  the  udc- 
tuous  feeling  which  suggests  the  possibility  of  small  quantities  of  this  mineral. 

Granite.  This  abundant  rock  has  already  been  mentioned  as  that  extreme  massdre 
variety  of  gneiss  in  which  all  interior  evidence  of  bedding  is  obliterated  by  metamorphic 
action.  I  assume  it  to  be  an  altered  sedimentary  rock  —  as  it  apparently  must  be  from 
its  structural  relations  with  the  other  beds,  the  granite  dykes  and  certain  great  irregu- 
lar red  masses,  not  being  included.  It  is  usually  a  coarse  aggregate  of  orthodase  feld- 
spar, of  a  light  gray  to  flesh-red  color,  and  darker  on  fresh  fracture,  with  a  less  amoont  of 
grayish-white  quartz,  and  still  less  mica.  The  latter  mineral  is  often  entirely  abMoi 
when  a  variety  of  pegmatite  and  coarse  graphic  granite,  common  south  of  Uie  Mar- 
quette region,  is  produced. 

The  decided  feldspathic  varieties  suggest  the  abundant  anorthoslte  rock  of  Canada, 
except  in  the  variety  of  the  feldspar. 

Among  the  varieties  a  red  massive  granite,'  which  may  possibly  produce  buildiog 
material,  occurs  in  several  places  in  the  Menominee  region.  A  fine-grained,  white 
variety,  holding  but  little  mica,  which  has  the  appearance  of  altered  hornblende,  is  lesd 
oommon.  One  of  the  most  interesting  varieties  is  that  in  which  large  crystab  of  feld- 
spar, arranged  with  the  axes  rudely  parallel,  give  the  rock  the  character  of  a  porpbyhtic 
granite  gneiss,  forming  the  transition  varieties  between  the  two  kinds  of  structure. 

Seggregations  of  foliaceous  chlorite  occur  in  certain  granites  of  the  Menominee  region, 
and  a  well  characterized  chloritic  granite,  which  we  may  suppose  to  have  been  deri?ed 
from  syenite  by  the  alteration  of  hornblende,  passes  into  chloritic  gneiss. 

Homblendic  granite  (syenite?).  A  gneiss  in  which  the  mica  is  replaced  wholly,  or 
to  a  great  extent,  by  hornblende,  has  been  described.  If  we  suppose  this  to  take  on 
the  granitoid  character,  as  do  the  other  varieties  of  gneiss,  a  syenitic  rock  would  be  the 
result. 

This  rock  has  only  been  observed  at  a  few  points  in  the  Marquette  region,  where  an 
interesting  variety  contained  but  little  black  hornblende. 

Dr.  Credner  (in  Zeitschrift  der  Deutschen  Geologischen  Gesellschaft,  XXI  Band,  1869) 
has  well  expressed  the  transitions  and  alterations  of  the  characteristic  Laurentian  rocb 
thus:  **The  uniformity  of  this  rock  series  of  mica,  hornblende  and  chloritic  gneisses, 
repeatmg  itself  in  every  one  of  the  many  gneiss-granite  districts,  which  by  the  preva- 
lence of  the  minerals  which  produce  the  schistose  structure  passes  into  mica,  hornblende 
and  chloritic  schist  on  the  one  hand,  and  by  the  disappearance  of  the  parallel  structure, 
the  same  gneisses  graduate  into  granite,  syenite  and  chloritic  granite  on  thex)ther  hand.*' 
>  Prof.  Pampelly  belieres  thU  Is  eraptire. 


Digitized  by 


Coo^I^   I 


APPENDIX  B.  663 

The  superposition  of  the  varioas  rock  beds  of  the  Laurentian  over  any  considerable 
area  is  usually  obscure,  owing  to  the  numerous  and  complicated  folds,  and  the  prevail- 
ing general  uniformity  in  the  lithological  character  of  the  rocks. 

Their  order  may,  however,  be  in  part  made  out  in  localities  like  the  north  part  of 
T.  41,  R.  29,  Mich.,  where  there  is  a  prevailing  east-west  strike,  and  where  tolerably 
well  characterized  dark-colored  homblendic  strata  are  associated  with  light-colored 
masses  of  granite,  and  several  varieties  of  gneisses.'  The  absence  of  the  easily  to  be 
recognized  beds  of  limestone  which  characterize  the  Laurentian  series  of  Ciinada,  ren- 
ders the  siratigrapher's  task,  there  difficult,  here  far  more  so. 

Cutting  the  Laurentian  rocks  in  all  directions  are  dyke-like  masses  of  gianite  and 
greenstone.  The  granite  dykes  are  often  narrow,  sometimes  irregular  in  direction,  and 
generally  coarser-grained  and  more  micaceous  than  that  of  the  granitic  masses  penetrated. 
They  sometimes  cut  the  greenstone  dykes,  indicating  less  age.  In  a  few  instances,  and 
only  in  the  Menominee  regions,  have  small  granite  dykes  yet  been  seen  to  penetrate 
Huronian  rocks,  and  well  defined  greenstone  (dolerite)  dykes  are  nearly  as  rare  in  this 
system. 

The  greenstone  dykes  of  Laurentian  age  are  fax  thicker,  more  regular  and  persistent 
than  those  of  granite,  and  vary  in  composition  from  a  black-green,  fine-grained,  heavy, 
crystalline  rock,  resembling  some  of  the  Huronian  bedded  diorites,  to  a  variety  resem- 
bling homblendic  rock.  Near  the  Republic  mountain  are  several  dykes  of  this  dass 
running  northeast  and  southwest,  and  others  nearly  north  and  south.  In  other  places 
in  the  Marquette  region,  an  east  and  west  system  has  been  observed.  Foster  and 
Whitney's  Report  on  Lake  Superior,  Part  II,  page  88,  notes  cutting  the  granite  of 
one  of  the  Huron  islands,  six  powerful  parallel  straight  dykes  of  greenstone  within  a 
distance  of  forty  rods,  one  of  which  was  ninety  feet  in  thickness.  In  one  instance  a 
dyke-like  mass  of  homblendic  rock  showed  a  schistose  structure  parallel  with  its  walls. 

May  not  the  erosion  of  these  dykes,  and  the  overflows  which  possibly  accompanied 
them,  have  afforded  much  of  the  material  forming  the  greenstones  and  related  sdhists 
of  the  Huronian?    May  not  considerable  magnetite  have  come  from  the  same  source? 

In  some  instances,  more  recent  fissures  (veins)  have  been  observed  cutting  these  dykes, 
but  no  lode  promising  to  bear  valuable  ores  has  yet  been  developed  in  our  Laurentian. 

Dr.  H.  Credner,  in  the  paper  above  named,  p.  516,  describes  as  Laurentian  certain 
limestones  and  dolomitic  marbles,  conglomerates,  calcareous  chloritic  schists,  and  spotted 
arenaceous  chloritic  schists,  as  well  as  a  talc  gneiss  (protogine),  which  appear  to  me  to 
belong  to  the  Huronian  series,  both  on  stratigraphical  and  lithological  grounds;  hence 
are  not  embraced  in  this  sketch. 

>  Pampellj  and  Credner  itadled  this  locality,  the  resnlU  balng  glren  in  Credner's  paper  already 
mentioned. 
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Prof.  T.  0.  Chambeblin, 

State  Geologist. 

Sib:  —  Herewith  I  submit  to  you  my  report  and  map  'of  the  Me- 
nominee region. 

The  first  field  work  in  this  district,  under  the  auspices  of  the  Wis- 
consin Geological  Survey,  was  done  by  Major  T.  B.  Brooks  and  myself, 
as  assistant,  in  1874.  In  1876,  this  work,  as  you  well  know,  was  con- 
tinued, with  considerable  reluctance,  by  myself,  but  owing  to  an 
unfortunate  sunstroke,  received  on  the  Pine  river,  I  was  only  enabled 
to  give  one  month's  field  work  to  this  region,  which  work  consisted  of 
a  reconnoissance  of  the  Brulfe  and  Pine  rivers;  also  a  trip  by  assistant, 
F.  H.  Brotherton,  Esq.,  south  from  the  Upper  Quinnesec  falls  to  the 
Peshtigo  river. 

In  1877, 1  devoted  another  month's  field  work  in  examining  the 
country  westerly  from  the  north  and  south  centre  line  of  range  17  of 
towns  39,  40  and  41,  "Wisconsin. 

Chapter  I  of  the  following  report  contains  a  full  description  of  the 
Menominee  iron  mines  and  explorations,  with  several  analyses  of  the 
ores.  In  Chapter  II  are  described  the  specimens  collected  by  Major 
T.  B.  Brooks  and  myself  from  this  district,  in  1874.  In  Chapter  III 
will  be  found  the  geological  results  of  the  two  months'  field  work 
already  alluded  to. 

To  my  field  assistants,  Messrs.  F.  H.  and  W.  F.  Brotherton,  must 
I  express  my  sincere  thanks  for  the  faithful  manner  in  which  thej 
performed  their  work;  to  my  friend.  Major  T.  B.  Brooks,  for  many 
valuable  suggestions;  to  Messrs.  Mathews  and  Longyearand  fo  the 
Chicago  and  Northwestern  Railway  Company,  for  important  topo- 
graphical notes;  to  J.  J.  Hagerman,  Esq.,  for  analyses  of  iron  ores; 
and  to  many  others  without  whose  assistance  this  report  would  ha^e 
been  far  more  incomplete  than  it  now  is. 

Very  respectfully  yours, 

CHARLES  E.  WRIGHT. 

Mabqxtsttb,  Mich.,  September  12, 1879, 
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CHAPTER  I. 

MENOMINEE  IRON  RANGE. 

ECONOMIC. 

This  district  now  embraces  the  northern  portion  of  Marathon 
county,  of  this  state,  and  in  Michigan  the  country  immediately  north 
of  the  Menominee  river.  If  the  rapid  progress  which  has  been  made 
within  the  past  year  continues,  the  present  limits  of  this  new  iron 
district  will  very  soon  reach  far  up  the  Brul^  river. 

It  is  more  than  probable  that  the  valuable  iron  ore  beds  of  this 
range,  now  so  extensively  and  profitably  wrought  on  the  Michigan 
side  of  the  Menominee  river,  extend  westward  into  Wisconsin.  We 
will,  therefore,  consider  first  in  detail  the  recent  developments  on  the 
north  side  of  the  river,  that  wc  may  better  realize  the  value  and  im- 
portance of  the  nndeveloped  iron  ore  deposits  of  the  Menominee 
range  located  within  Wisconsin. 

The  existence  of  iron  ore  in  the  Menominee  district  on  either  side 
of  the  river  has  been  known  for  more  than  thirty  years,  and  extensive 
explorations  have  been  prosecuted  at  intervals  since  1867.  During 
the  winter  of  1873  and  '74  the  first  shipment  of  iron  ore  from  the 
range,  about  fifty  tons,  was  made  from  the  Quinnesec  mine  and  taken 
to  the  Menominee  furnace,  where  it  was  smelted  with  very  satisfactory 
results,  but  it  was  not  until  1877  that  a  branch  railroad,  from  the 
Chicago  and  Northwestern  Railway,  enabled  this  and  other  mines  to 
ship  regularly  to  market;  to-day,  however,  this  railway  company  with 
their  usual  promptness  are  doing  all  that  can  reasonably  be  expected 
of  them  to  promote  the  interests  of  this  new  raining  district. 

The  most  easterly  of  the  Menominee  range  mines  are  the  Emmett 
and  Breen.  Explorations  were  made  at  this  point  as  early  as  1870, 
which  gave  promise  of  good  ore  in  paying  quantities.    The  first  ship- 
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ments  of  ore  were  made  from  the  Breen  mine  in  1S77,  amoanting  io 
that  year  to  5,812  gross  tons,  the  Emraett  not  shipping  any  ore  until 
the  next  season.  These  mines  adjoin  each  other,  and  are  located  (m 
the  north  side  of  a  swamp  and  along  the  south  side  of  a  low  ridge  or 
plateau.  The  general  trend  or  strike  of  the  formation  is  about  east 
and  west  and  the  dip  is  60°  to  the  south;  the  ore  stratum,  therefore, 
dips  under  the  swamp. 

The  ore  of  the  Emmett  mine  consists  of  two  varieties,  the  one  a  soft 
specular  blue  ore^  and  the  other  a  brown  hematite.  Analyses  of  these 
ores  made  by  myself  afforded  the  following  results: 

No.  1.  No.  2.       Na  8. 

Oxide  of  iron 93.850  81.570       83.860 

Alumina 720        

Lime 870  8.150         2.700 

Magnesia 1.800         1.600 

Manganese 600       

Sulphur 090  .05f5            .020 

Phosphoric  odd 110  .295            .100 

SiUca 1.400  5.550         6.760 

Carb.  acid,  water,  etc 2.360  7.579         4.960 

MetaUiciron   65.700       60.330       58.700 

Phosphorus 047  .129  .C44 

Nos.  1  and  3  are  respectively  the  soft  specular  ores  of  the  Emmett 
and  Breen  mines,  and  No.  2  the  soft  brown  ore  from  the  Emmett  mine. 

A  singular  feature  in  connection  with  the  two  kinds  of  ore  at  the 
Emmett  mine,  is  that  the  blue  ore  overlies  the  brown  ore,  and  is  there- 
fore, apparently,  more  exposed  to  the  swamp  water  than  the  brown 
ore,  though  the  brown  ore  contains  more  phosphorus  and  is  a  com- 
pletely hydrated  peroxide.  The  two  ores  are  in  direct  contact  The 
brown  ore,  at  one  point  in  the  mine,  had  a  thickness,  measured  at 
right  angles  to  its  bedding,  of  50  feet,  and  the  blue  ore  of  20  feet 

These  soft  specular  blue  ores  of  the  Menominee  range  are  very  de- 
ceptive in  their  appearances  to  one  not  familiar  with  them.  They  are 
light  compared  with  the  hard  specular  ores,  and  many  of  them,  after  a 
short  exposure,  become  coated  with  a  thin  grayish  film;  exactly  what 
this  is  I  never  have  determined.  It  is  no  doubt  a  soluble  mineral 
substance  contained  in  the  hydroscopic  water,  which  is  deposited  by 
evaporation  at  the  surface.  At  first  I  supposed  it  to  be  carbonate  of 
lime,  but  it  docs  not  effervesce  with  acid.  It  is  probably  some  solu- 
ble silicate. 

*  This  ore  is  really  a  soft  specular  variety,  as  it  consists  of  an  aggregation  of  minate 
crystals  or  particles  of  specular  ore,  and  in  this  respect  differs  from  the  so-called  soft 
hematites,  which  are  chiefly  an  amorphous  mass  of  red  and  yellow  oxides  of  iron. 


Digitized  by 


Google 


ECONOMIC.  669 

The  Breen  mine  also  presents  some  interesting  points.  One  in 
mind  occurred  in  the  opening  of  one  of  the  pits.  After  removing 
some  three  feet  of  earth  there  was  exposed  a  vein  of  soft  specular  blue 
ore,  twenty  feet  or  more  in  width.  It  ^^as  plainly  bedded  and  had  a 
slaty  structure.  Its  strike  of  nearly  east  and  west,  and  dip  of  60"  to 
the  south,  exactly  coincided  with  that  of  the  formation  as  exposed  in 
tlie  other  openings;  but  after  mining  down  only  a  few  feet,  they 
unexpectedly  came  upon  liorizontally  bedded  sandstone.  The  ends  of 
the  slaty  ore  were  angular  and  well  joined  to  the  sandstone  below. 
For  a  moment  it  appeared  almost  unaccountable,  for  here  was  an 
older  rock,  apparently  in  place,  overlying  a  younger  one,  without  a 
chance  of  explaining  it  by  an  overturned  dip. 

A  large  piece  of  slaty  ore,  near  by,  imbedded  in  the  sandstone, 
having  a  reverse  dip  to  this  larger  mass,  furnished,  to  my  mind,  the 
probable  key  to  the  phenomenon.  It  would  seem  that  during  the 
deposition  of  the  sandstone  these  ferruginous  schists  and  other  mem- 
bers of  this  series,  dipping  to  the  south,  formed  an  abrupt  cliff  with 
the  waters  of  the  Silurian  sea  beating  against  which,  in  time,  under- 
mined a  portion  of  the  face,  thereby  causing  a  slide  and  breaking  off 
of  the  projecting  masses.  In  this  manner,  some  of  the  sliding  por- 
tions, with  their  lower  ends  buried  in  the  sands,  would  appear  un- 
disturbed. 

During  the  past  winter  and  spring  considerable  excitement  was 
gotten  up  over  the  reported  discovery  of  gold  and  silver,  associated 
with  the  iron  ore  of  the  Emmett  mine.  Several  assays  were  made, 
some,  it  is  said,  with  fair  results.  Gold  seekers  and  adventurers 
flocked  in  from  different  parts  of  the  country.  The  oflScers  of  the 
Emmett  mine,  at  that  time,  ordered  their  agents  in  Cleveland  to  dis- 
continue the  sales  of  their  ore;  but  after  a  brief  period  tlie  iron  rod 
again  resumed  its  sway  and  the  golden  sceptre  was  laid  aside. 

On  the  same  range,  six  miles  to  the  west  of  Waucedah,  is  the  Vul- 
can mine.  The  mining  operations  here  are  more  extensive  than  at 
the  Breen  or  Emmett  mines.  The  old  workings  are  located  near  the 
west  quarter  post  of  Sec.  10,  T.  39,  K.  29,  Mich.,  and  are  on  the 

south  edge  of  a  broad  ridge 
which  admits    of   a:ood 


_l^ll/  drainage.    The  ore  occurs 

^^"^^^^ (Yre^^^^^^^^^^    ^°  lenticular  shaped, pock- 

^  ^'^^    et-like  masses,  something 


after  the    manner    shown 

:Schi\^t.'i  in    the  annexed  cut.     It 
will  be  noticed  that  this 
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slaty- strnctured  ore  passes  into  the  lean  ferruginous  schists  without 
any  break  in  the  stratification. 

In  this  respect  the  ore  deposits  of  the  Menominee  range  on  the  Mich- 
igan side  of  the  river  differ  from  the  hard  ore  belts  of  the  Marquette 
range.  In  this  latter  district  it  is  very  common  to  find  the  ore  in  lens- 
shaped  masses;  but  the  hanging  wall  of  qnartzite,  and  the  foot  wall 
of  jasper,  approach  each  other  and  pinch  out  the  ore.    See  annexed  cut 

These  lenses  overlap  each  other  and 
are  separated  usually  by  chloritic  rock. 
One  lens  may  be  magnetic  ore  and  the 
other  specular  ore.  I  have  a  hand  spec- 
imen with  one-half  of  it  specular  and 
the  other  portion  of  it  magnetic. 

To  return  to  the  Vulcan  mine,  we 
find  the  old  workings  to  consist  of  a 

large  open  pit  300  feet  long  and  80  feet  wide  by  70  feet  deep, 
formation  has  a  strike  of  N.  75*  W.,  and  dips  60*  to  the  south, 
deriving  and  overlying  the  ore  are  jaspery  and  ferruginous  slaty 
schists,  and  again,  underlying  these  schists  are  the  siliceous  marbles 
and  quartzite  (N"o.  V). 

The  ore  is  the  soft  specular  variety  and  varies  in  its  structure  and 
texture.     It  is  of  a  good  quality,  as  will  be  seen  from  the  following 

analyses: 

No.l. 

Metallic  iron 60.130 

Silica 12.910 

Alumina 310 

lime 090 

Magnesia 030 

Phosphorus 027 

Water 6.450 


The 
Un- 


Na  2. 

62.290 
5.840 

1.310 

.022 


No.  1  is  a  complete  analysis  made  by  Dr.  J.  B.  Britton,  and  No.  2 
is  a  partial  analysis  made  by  myself  in  1S78. 

The  present  prospect  for  ore  in  this  old  pit  is  not  very  bright,  in 
fact,  in  the  bottom  of  the  mine,  in  some  places,  it  is  almost  entirely 
wedged  out.  Whether  another  lens  of  ore  will  be  found  to  cither 
side  or  further  down,  is,  in  my  opinion,  a  very  important  matter  to 
those  interested  in  the  future  of  the  Menominee  range.  Alreadv  we 
hear  vague  doubts  expressed  as  to  the  permanency  of  these  ore  de- 
posits, and  scarcely  a  day  passes  but  some  one  asks  the  question, 
"  What  do  you  think  about  these  deposits  going  down.^*  That  these  fer- 
ruginous schists  are  as  continuous  and  persistent  in  depth  as  any  other 
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member  of  the  Hnronian  series,  I  think  admits  of  no  reasonable 
doubt  My  impression  now  is,  that  these  ore  deposits  are  of  a  second- 
ary nature:  that  is,  they  were  originally  the  same  as  the  jaspery  spec- 
ular schists  in  which  they  occur,  and  have  been  brought  to  their  pres- 
ent condition  by  the  dissolving  out  of  the  silica  from  the  lean  schists. 
This  theory,  though  an  old  one,  I  think,  will  best  account  for  all  of 
the  observed  facts  connected  with  the  iron  mines  of  this  range. 

A  few  hundred  feet  to  the  west  of  the  old  workings,  and  on  higher 
ground,  are  those  of  the  New  Vulcan.  We  find  here  a  very  fine 
surface  show  of  soft  specular  blue  ore.  The  "stripping"  was  light 
and  the  ledge  has  been  uncovered  for  several  hundred  feet  in 
length.  Considerable  preparatory  work  has  been  done,  side  tracks 
and  two  important  rock  cuts  have  been  made  to  reach  the  ore  at  con- 
venient points.  A  double  incline  is  already  completed  to  transport 
the  ore  down  to  the  ore  pockets  alongside  the  railroad  track  of  the 
old  Vulcan;  in  fact,  every  thing  is  nearly  ready  to  ship,  and  no  doubt 
the  New  Vulcan  will  make  a  fair  shipping  record  this  season.  The 
Vulcan  mine  is  operated  by  the  Menominee  Mining  Co. 

Only  a  short  distance  to  the  west  is  another  new  opening  known  as 
the 

CuERY  Iron  Mine.  It  was  discovered  and  opened  this  season,  and 
is  now  shipping  daily  about  150  tons  of  fine  soft  specular  ore.  A 
little  more  than  a  mile  to  the  northwest  of  the  Curry,  are  the  Sagi- 
naw, Norway  and  Cyclops  mines,  all  of  which  promise  well. 

The  Saginaw  is  located  on  the  S.  W.  qr.  of  Sec.  4,  T.  39,  R  29, 
Mich.  The  formation  at  the  Saginaw  mine  has  a  strike  of  about  N. 
75*  W.,  and  a  dip  of  70"  to  the  south  on  the  north  side  of  the  property. 
Immediately  to  the  north  of  the  ore  bed,  less  than  one  hundred  feet, 
are  large  outcrops  of  siliceous  marble;  south  of  this,'within  five  hun- 
dred feet,  numerous  drill  holes  have  been  put  down,  which,  after  pass- 
ing through  from  twenty  to  eighty  feet  of  earth,  have  met  with  the 
siliceous  marble.  In  view  of  the  supposition  that  the  marble  under- 
lies the  ore  bearing  belt,  we  have  here  what  appears  to  be  a  narrow 
synclinal.  If  this  theory  be  correct,  and  I  am  inclined  to  believe  it  is, 
there  should  be  another  iron  range  not  far  to  the  south  of  here,  with 
a  southerly  dip.  Exactly  what  relation  the  Saginaw  bears  to  the  Curry 
and  Vulcan  mines,  I  am  unable  to  state;  but  my  impression  is,  in  the 
absence  of  any  facts  either  pro  or  con,  that  these  latter  mines  are  on 
the  same  belt  as  the  supposed  belt  south  of  Saginaw.  No  ore  has  yet 
been  shipped  from  the  Saginaw  mine,  though  the  mine  is  about  ready 
to  begin  mining  on  an  extensive  scale. 

The  Norway  adjoins  the  Saginaw  on  the  west.    This  mine  was 
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opened  in  August,  1878,  and  after  that  date  it  shipped  for  that  year 
7,276  gross  tons  of  ore.  It  is  worked  by  the  Menominee  Mining  Co. 
On  the  east  side  of  the  property  the  formation  is  very  much  disturbed 
and  some  of  the  beds  are  even  brecciated.  Owing  to  this  irregularity 
of  structure,  the  results  of  mining  during  the  early  part  of  this  season 
were  not  as  satisfactory  as  they  otherwise  would  have  been.  The  ore 
was  somewhat  mixed  and  the  assorting  was  not  an  easy  task.  Subse- 
quent explorations  from  this  point,  northwesterly  for  say  1200  feet, 
have  developed  some  very  promising  deposits  of  soft  specular  blue 
ore,  which  will  compare  well  in  quality  and  quantity  with  the  best  of 
the  other  mines  of  this  range.  In  going  westward,  the  ground  grad- 
ually rises,  and  at  the  west  end  the  elevation  above  the  railroad  track 
on  the  east  side  is  about  seventy-five  feet. 

The  formation  in  some  of  the  openings  is  apparently  nearly  hori- 
zontally bedded;  in  others  it  dips  at  a  low  angle  to  the  southwest 

Along  on  the  north  side  of  the  mine  working,  from  50  to  200  feet 
are  ledges  of  silicious  marble  and  calcareous,  reddish  quartziteb. 
Horizontally  bedded  sandstone  is  frequently  found  capping  the  ore. 
The  ore  in  the  easterly  pits  varies  greatly  in  color  and  texture.  Some 
of  it  is  of  the  soft,  specular,  blue  variety;  another  portion  is  a  hard, 
steely,  specular  ore,  and  we  also  have  the  hard  and  soft  hematites. 
Analyses  made  of  the  ore,  late  in  1878,  afforded  me  the  following 
results: 

Oxide  of  iron 85.200  90.710 

Alumina 2.300        

Lime 4.100        

Magnesia 620        

Sulphur 022        

Phosphoric  acid 040  .037 

SiUca 7.500  7.420 


Metallic  iron 59.640       63.500 

Phosphorus 018  .017 


From  tlie  Norway  we  proceed  southwesterly  about  1000  feet  and 
come  to  the  Cyclops  mine,  which  is  also  operated  by  the  Menominee 
Mining  Co.  Thi?  mine  was  opened  last  September  and  shipped  that 
season  (187S)  6,058  tons  of  ore.  The  ore  is  a  superior  quality  of  the 
soft,  specular  variety. 

The  following  analysis  was  made  by  myself  from  an  average  sam- 
ple sent  me  last  November  by  Mr.  J.  J.  Hagerman,  the  president  of 
the  Menominee  Mining  Co.: 
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Oxideof  iron 95.90 

Oxide  of  manganese ...    trace. 

Oxideof  lime 36 

Oxide  of  magnesia 80 

Alumina 62 

Sulphur 01 

Phosphoric  acid 04 

Silica 1.30 

Undetermined 1 .  47 

100.00 

The  formation,  as  far  as  developed,  is  quite  regalar;  it  dips  about 
55°  to  the  southeasterly.  The  workings  are  known  as  Nos.  1  and  2 
shafts,  which  are  about  250  feet  apart.  No.  1,  the  southeasterly 
one,  is  sunk  two  levels  of  35  feet  each.  The  first  level  is  really  two 
open  pits.  From  the  first  level  a  drift  connects  with  No.  2  shaft, 
intersecting  it  at  75  feet  below  the  surface.  The  ground  from  No.  2 
to  No.  1  is  descending.  The  vein  of  ore  is  heavily  capped  in  places 
by  sandstone.  It  is  interesting  to  note,  in  the  northeast  end  face  of 
No.  1,  that  the  ore  has  worked  into  the  joints  of  the  sandstone,  and 
near  the  junction  may  be  seen  fragments  of  ore  and  ferruginous 
schists  imbedded  in  the  sandstone.  The  ore  next  to  the  sandstone  is 
quite  soft  and  friable.  Another  feature  in  connection  with  these  soft, 
specular,  blue  ores  is,  that  we  rarely  find  any  of  it  changed  to  the 
hydrated  peroxide  of  iron,  which  I  think  must  be  due  to  their  crys- 
talline state.  The  *' stripping"  in  No.  2  was  so  deep  that  under- 
ground mining  bad  to  be  resorted  to  at  the  start. 

At  tlie  bottom  of  the  shaft  to  the  southwest  a  chamber  about  50 
feet  long  and  30  feet  high  has  been  mined  out,  while  to  the  northeast 
not  quite  as  much  has  been  done.  The  vein  varies  from  15  to  30  feet 
in  thickness.  The  progress  of  this  shaft  will  no  doubt  be  watched 
with  considerable  interest  by  the  other  mines  of  the  range.  The 
company  are  putting  in  large  quantities  of  heavy  timber  to  support  the 
roof.  Still,  I  do  not  think  there  is  any  too  much.  Where  I  should 
anticipate  trouble  would  be  below  the  second  level,  but  then  if  the 
foot  and  hanging  walls  are  good,  even  if  the  ore  will  not  stand  in 
pillars,  the  roof  can  be  supported  by  timber.  How  practicable  this 
may  be,  will,  of  course,  depend  on  the  cost.  From  what  I  have  seen 
of  these  soft,  specular,  blue  ores,  I  should  hardly  expect  them  to  stand 
well  in  pillars  without  the  pillars  are  well  protected  from  the  atmos- 
phere; for  these  ores,  as  a  rule,  very  soon  crumble  in  pieces  on  ex- 
posure. On  the  other  hand,  however,  I  shall  be  greatly  surprised  if 
some  economical  method  is  not  devised  to  win  these  ores  by  under- 
ground mining,  in  spite  of  all  the  present  apparent  drawbacks. 
Vol.  III.  — 43 
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QuiNNESEO  Village,  located  at  the  present  terminus  of  the  Menom- 
inee Eiver  Eailroad,  is  the  most  important  town  on  the  Menominee 
range.  It  has  a  pleasant  site  and  its  elevation  is  550  feet  above  Lake 
Michigan. 

We  find  here  several  dry  goods,  grocery  and  drug  stores;  well 
kept  hotels,  a  church,  school  house,  a  few  fine  residences  and  a  full 
complement  of  saloons. 

The  ground  to  the  north  side  of  the  village  is  gradually  ascending, 
and  within  a  few  hundred  feet,  in  that  direction,  we  enter  a  narrow 
valley,  which  breaks  through  the  range  at  this  point.  On  the  west 
side  of  the  valley  the  ground  is  sharply  ascending,  and  in  less  than  one 
thousand  feet  we  attain  an  eminence  of  over  200  feet  above  the  village. 
This  elevation  commands  a  fine  view  and  gives  one  a  fair  idea  of  the 
general  lay  or  topography  of  the  country  round  about.  The  deep 
roaring  of  the  Quinnesec  falls  can  be  distinctly  heard  and  the  valley 
of  the  Menominee  river  may  be  plainly  traced. 

This  broad  ridge,  which  we  have  just  ascended,  is  composed  chiefly 
of  lean  ferruginous  schists,  and  in  these  schists  occur  the  ore  deposits 
of  the  QuiNNESEO  Mine.  This  mine  possesses  some  advantages  over 
the  other  mines  of  this  range.  Its  elevation  afibrds  splendid  drainage, 
a  desideratum  which  is  appreciated  more  and  more  each  year  by  the 
older  iron  mines  of  the  Lake  Superior  district. 

The  ore  of  the  Quinnesec  is  rather  more  compact  than  that  fonnd 
in  the  other  Menominee  range  mines,  still  like  them  it  soon  disinte- 
grates on  exposure. 

The  formation  in  the  mine  has  an  east  and  west  strike  and  the  dip 
is  70"  to  the  north.  Considerable  prospecting  was  done  here  in  1873, 
'73  and  '74;  a  sliaft  was  sunk  some  seventy  feet  deep;  also  several  test 
pits  were  dug  across  the  formation,  which  proved  the  existence  of 
excellent  ore  in  paying  quantities.  South  of  the  ore  belt,  on  which 
they  are  now  working,  along  the  south  slope  of  the  ridge,  are  a  series 
of  continuous  test-pits  and  shallow  trenches,  cross-cutting  the  fer- 
ruginous schists  for  several  hundred  feet.  Examining  these,  we  find 
the  dip  of  the  formation  as  we  go  south  from  the  mine  workings  to 
become  steeper,  then  vertical,  and  finally  there  occurs  a  southerly  dip. 
To  the  extreme  south  edge  of  these  explorations,  near  the  base  of  the 
ridge,  is  a  large  shaft.  The  southerly  dip  is  quite  marked.  Here  and 
there  may  be  seen  on  the  north  side  of  the  shaft,  heavy  jointing  planes 
pitching  at  a  low  angle  to  the  west.  Eeturning  to  the  valley,  just  to 
the  north  of  the  village,  we  have  to  the  east  side  of  the  valley,  in  the 
trend  of  the  ferruginous  schist  to  the  west,  a  narrow  range  of  siliceous 
marble.     On  the  north  and  south  sides  of  the  marble  are  magnetic 
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attractions.  In  view  of  these  and  other  facts  already  noted,  and 
knowing  too  that  the  marble  forms  the  foot  wall  of  the  ferruginous 
seliifits,  it  seems  to  me  that  there  must  have  been  an  uplift  here,  the 
marble  range  being  parallel  to  the  axis  of  the  uplift,  or,  in  other 
words,  we  have  an  anticlinal  pitching  to  the  west.  This  liypothesis 
explains  best  to  my  mind,  all  of  the  facts  which  have  come  under  my 
observation. 

From  the  foregoing,  we  would  expect  to  find  the  southerly  rim  of 
the  anticlinal  corresponding  to  the  ore  belt  in  the  Quinnesec  mine 
not  far  to  the  south. 

It  must  not  be  inferred,  however,  from  this,  that  a  continuous  belt 
of  good  ore  will  be  found  within  this  southerly  range,  for  such  is  not 
the  case  in  the  northerly  belt  upon  which  they  are  now  mining;  still, 
I  do  believe  that  good  ore  will  be  discovered  not  far  to  the  south  of 
the  Quinnesec  range,  having  a  southerly  dip. 

Turning  our  attention  now  to  the  QuinneSec  mine  workings,  we 
find  first,  an  open  cut  driven  west,  horizontally,  into  the  east  end  slope 
of  the  ridge,  along  the  ore  deposit,  for  350  feet,  where  the  ore  passes 
into  jaspery  slates,  with  the  exception  of  a  narrow  run  of  ore,  for  a 
short  distance,  on  the  hanging  wall  side.  On  this  level  are  located 
the  engine  house,  ore  pockets,  etc.  The  shafts  are  irregularly  num- 
bered. No.  2  is  the  most  easterly  one,  and  No  1  is  directly  west  of 
it  about  170  feet.  They  are  both  on  the  foot  wall  side  of  the  ore  de- 
posit. No.  3  is  about  160  feet  westerly  from  No.  2,  and  is  on  the 
hanging  wall  side;  it  is  also  about  200  feet  east  from  the  westerly 
limit  of  this  level.  All  three  shafts  are  sunk  to  the  third  level,  120 
feet  down  on  the  dip  of  the  formation.  To  the  east  side  of  No.  3  is  a 
crossing  of  rock  some  50  feet  wide. 

Going  down  No.  3  shaft  to  the  tunnel  level,  48  feet  below  No.  1 
level,  we  find  in  a  drift  driven  west  from  the  shaft,  50  feet  of  lean 
ore,  and  then  enter  an  open  pit  120  feet  long  by  30  feet  wide  at  its 
east  end.  To  the  east  of  the  shaft,  a  drift  is  driven  under  the  crossing 
of  rock  already  noted,  and  we  enter  another  open  pit  which  extends 
eastward  a  little  beyond  No.  1  shaft. 

On  the  third  level,  the  crossing  of  rock  appears  to  have  "cut  out." 
To  the  west  of  No.  3  shaft  we  have  on  this  lower  level,  in  a  drift 
driven  along  the  hanging  wall  side,  a  "  run  "  of  70  feet  of  good  ore; 
west  of  this  the  drift  is  continued  for  90  feet  more,  but  it  is  in  mixed 
ore.  How  it  may  prove  to  either  side  of  this  is,  a  question  that  can 
only  be  settled  by  actual  explorations.  To  the  east  of  No.  3,  more  work 
has  been  done.  A  pillar  of  ore  25  feet  thick  has  been  left  to  protect 
the  shaft,  then  comes  a  chamber  30  feet  longjby  20  feet  wide,  with  ore 
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still  on  the  foot  and  hanging  wall  sides.  Continuing  eastward  on  thia 
level,  we  pass  through  a  drift  45  feet  long,  driven  on  the  foot  wall 
side  of  the  deposit,  and  enter  another  chamber  40  feet  long  by  35  feet 
wide.  Along  the  north  side  of  this  chamber  we  have  rock;  but  on 
the  south  side  it  is  still  ore.  Between  this  chamber  and  No.  1  shaft, 
has  been  left  a  25  foot  pillar,  and  on  the  east  side  of  the  shaft  is  a  15 
foot  pillar.  East  again  from  this  point  is  another  large  chamber  30 
feet  wide  with,  as  yet,  no  true  foot  or  hanging  wall  to  the  ore  deposit 
This  chamber  connects  with  No.  2  shaft  by  a  drift. 

The  ore  of  this  mine  consists  chiefly  of  the  soft  specular  blue  vari- 
ety. It  is  quite  slaty,  and  easily  mined.  Its  quality  adapts  it  to  the 
manufacture  of  Bessemer  steel,  as  may  be  seen  by  the  following 

analyses: 

No.  1.  No.  2.  No.  3. 

Oxideof  iron 93.87  93.28  89.07 

Alumina 83  1.29  2  21 

Lime ^ 60  .48         

Manganese 15  .03         

Phosphoric  acid 07  .08  .024 

Sulphur 02  .04           

Silica 2.10  4.86  5.40 

Metalliciron 65.70       65.300       62.35 

Phosphorus 03  .034  .01 

No.  1  is  an  average  which  I  made  of  ore  collected  by  myself  from 
the  mine  in  1873.  No.  2  is  an  analysis  made  by  Dr.  J.  B.  Britton, 
in  1877.  No.  3  is  an  average  of  four  analyses  made  by  the  Lucy 
Furnace  Company,  from  samples  collected  by  themselves  at  their 
works. 

The  Quinnesec  closes  the  list  of  the  shipping  mines  of  the  Menom- 
inee range. 

Proceeding  again  on  our  westward  journey,  the  next  mine  explora- 
tions we  meet  are  near  the  center  of  the  south  half  of  Sec  32,  T. 
40,  K.  30,  Mich.,  or  two  and  a  half  miles  west  of  the  Quinnesec  mine. 
The  ore  is  a  soft  brownish  red  colored  variety,  which  afforded  me  on 
partial  analysis,  as  follows: 

Peroxide  of  iron 91.85 

lime 5.80 

Magnesia 97 

Silica 50 

Sulphur 07 

Phosphoric  acid 11 

Metalliciron 64.300 

Phosphoi-us 017 
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Near  the  center  of  the  northwest  quarter  of  this  section  is  the  Ver- 
million mine,  and  west  of  these  again  less  than  one-half  a  mile  are 
the  "Walpole  explorations.  An  analysis  of  the  Vermillion  mine  ore, 
made  by  myself  from  samples  bi:ought  me  in  1873  by  Captain  "Wel- 
come Hyde,  afforded  the  following  result: 

Peroxide  of  iron 89 .  34 

Alumina 44 

Lime 1 .22 

Magnesia 74 

Silica 4.80 

Phoephoric  add 025 

Water 3.400 

99.965 

Metallic  iron 62.538 

Phosphorus « Oil 

This  ore  is  very  deceptive;  it  is  very  light  and  resembles  common 
red  chalk;  in  fact,  it  would  make  an  excellent  article  for  this  purpose. 
I  have  shown  the  ore  to  some  of  our  best  iron  experts,  and  rarely  ever 
has  one  of  them  estimated  the  percentage  of  metallic  iron  more  than 
thirty  per  centum;  in  other  words,  they  did  not  consider  it  ore  in  the 
commercial  sense  of  the  word,  but  rather  a  ferruginous  clay. 

The  most  reliable  field  test  for  the  percentage  of  metallic  iron  of 
these  Menominee  ores,  is  to  judge  from  the  color  of  the  streak  powder 
when  scratched  with  a  knife.  Northwesterly  from  here  in  the  N.  W. 
qr.  of  the  S.  E.  qr.  of  Sec.  25,  T.  40,  R  31,  Mich.,  are  some  recent 
explorations  which  promise  well.  The  ore  is  the  bright,  soft  specular 
blue  variety,  resembling  that  of  the  Quinnesec.  In  quality  it  is  as 
good  as  any  I  have  yet  analyzed  from  the  Menominee  mines,  as  may 
be  seen  from  the  following  analysis: 

Peroxide  of  iron 94.000 

Alumina 1.520 

SiHca 2.730 

Phoephoric  acid • 026 

Undetermmed 1 .724 

100.000 

Metalliciron 65.800 

Phosphoms 012 

The  strike  of  the  formation  in  the  explorations  of  this  mine  is 
about  east  and  west  and  the  dip  is  nearly  vertical.  The  vein  is  about 
30  feet  thick,  but  it  is  split  up  very  much  with  lenses  of  rock  running 
parallel  with  the  vein.  The  widest  place  of  clean  ore  I  saw  there, 
July  7,  1879,  was  ten  feet;  still,  considering  the  superior  quality  of 
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the  ore,  it  is  a  good  "  showing,"  and  will  warrant  the  exp?nditure  of 
considerable  capital  "  to  prove  it  up."  As  this  is  the  most  westerly 
of  the  Menominee  range  explorations,  on  the  Michigan  side  of  the 
river,  it  is  therefore  the  nearest  to  Wisconsin  of  any  of  those  of  the 
Menominee  range  that  we  have  thus  far  considered,  and  for  this  reason 
should  possess  much  interest  to  the  people  of  this  state. 

From  the  explorations  in  Sec.  25,  on  the  strike  of  the  formation,  it 
is  only  two  miles  westerly  to  the  Menominee  river,  and  furthermore, 
where  the  general  trend  would  intersect  the  river,  we  find,  on  the 
Wisconsin  side,  some  strong  magnetic  attractions.  Considering  what 
we  have  seen  to  the  east  of  the  river,  it  seems  to  me  that  this  at- 
tractive field  in  Wisconsin,  cannot  long  remain  untouched,  but  that 
on  the  other  hand,  we  shall  soon  see  the  explorer  delving  away  in 
search  of  iron  ore,  and  shall  be  greatly  surprised  if  he  is  not  well 
repaid  for  his  honest  labor. 

Some  three  or  four  years  ago,  there  lay  a  very  large  boulder  of  lean 
iron  ore  directly  over  the  line  of  these  magnetic  attractions,  which 
was  discovered  by  some  explorers,  who,  thinking  it  was  a  solid  ledge, 
completely  undermined  it  before  they  were  satisfied  of  its  true  charac- 
ter. I  remember  having  seen,  in  1875,  a  similar  boulder  some  ten 
miles  west  southwest  of  here  —  wonder  if  this  boulder  will  be  dis 
turbed  in  the  same  manner  by  some  future  explorer? 

On  the  Michigan  side  of  the  river  again,  'near  Lake  Antoine,  are 
parties  exploring  for  iron  ore,  it  is^said  with  very  satisfactory  results. 

All  of  the  ores  of  the  Menominee  range  which  we  have  thus  far 
examined,  with  only  a  single  exception,  are  strictly  first  class.  Many 
of  them  contain  quite  a  percentage  of  lime,  magnesia  and  alumina, 
all  desirable  elements  as  impurities,  since  they,  with  the  silica,  are 
the  essential  ingredients  of  blast  furnace  cinder,  and  when  not  con- 
tained in  the  ore,  it  is  necessary  to  add  them  in  order  to  reduce  the 
ores  to  pig  iron.  The  sulphur  in  the  majority  of  these  ores  is 
hardly  worth  considering,  while  the  phosphorus  is  remarkably  low. 
Taken  as  a  whole,  the  adaptability  of  these  ores  to  the  manufac- 
ture of  Bessemer  steel  —  the  ores  now  most  eagerly  sought  for  —  can- 
not be  surpassed;  as  a  practical  proof  of  this,  the  mines  of  the  Me- 
nominee range  could  sell  this  season  double  the  amount  of  ore  they 
will  be  able  to  mine. 

With  all  these  fair  prestiges  and  bright  prospects,  we  cross  the 
river  again  into  Wisconsin,  to  continue  our  westward  journey,  fully 
satisfied  that  the  same  formations  which  are  now  economically  yield- 
ing such  rich  returns  to  the  east  of  us,  must  pass  into  this  state.  We 
may  not  find  the  ores  outcropping  on  every  hillside;  still,  even  if 
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we  do  not  see  them,  we  know  they  are  safely  covered  with  a  compara- 
tively thin  layer  of  earth,  and  all  that  is  needed  is  a  little  patience 
and  labor  to  discover  them.  They  will  not  burn  np  where  they  are, 
nor  will  they,  practically,  waste  away;  so  we  need  not  feel  discouraged 
if  our  first  day's  work  is  not  rewarded  with  an  iron  mine. 

We  will  leave  now  this  attractive  field,  in  which  no  exploitations 
have  been  made  as  yet  on  the  Wisconsin  side  of  the  river,  and  proceed 
at  once  to  the  Commonwealth  mine,  which,  geologically,  is  higher 
(Formation  XIII)  than  the  mines  we  have  been  describing  (Forma- 
tion VI.)  This  mine  is  located  near  the  center  of  section  34,  town  40, 
and  range  18,  Wisconsin,  and  is  in  a  direct  line  thirteen  miles  west- 
northwest  of  the  present  terminus  of  the  railroad  at  Quinnesec. 

The  property  of  this  company  embraces  Sees.  32,  33,  34,  the  S. 
half  of  Sec.  31,  and  the  S.  E.  qr.  of  Sec.  28,  T.  40,  R.  18;  also  the  N. 
half  of  Sec.  4,  and  the  N.  W.  qr.  of  Sec.  5,  of  the  town  immediately 
south. 

Iron  ore  was  known  to  exist  here,  by  Indians,  and  "  Lake  Komon," 
signifying  iron,  it  is  said,  in  their  language,  was  the  original  name  of 
Loon  lake.^  About  twenty  years  ago,  Col.  Charles  Whittlesey  dis- 
covered iron  ore  on  the  above  property,  and  from  his  minutes  it  was 
entered,  with  some  other  lands,  in  1867,  by  Mr.  11.  B.  Tuttle,  of 
Cleveland,  Ohio. 

In  1875,  our  geological  party  traced  out  a  line  of  magnetic  attrac- 
tions in  sections  31  and  32,  and  found  considerable  fioat  ore  for  two 
or  three  miles  east  of  this.  Near  the  center  of  section  34,  we  saw  a 
loose  ledge  of  ore  exposed  under  the  turned  up  roots  of  an  old  tree, 
but  it  was  left  to  Mr.  H.  D.  Fisher,  in  1876,  under  the  direction 
of  Mr.  II.  A.  Tuttle,  then  president  of  the  Commonwealth  Iron  Co., 
to  first  unearth  the  solid  ledge  of  iron  ore,  and  thus  prove  its  exist- 
ence beyond  all  question.  Subsequent  explorations  and  work  prepar- 
atory to  actual  mining  have  developed  on  section  34  the  largest 
surface  "  show,"  by  far,  yet  discovered  on  the  Menominee  range.  See 
sketch  and  geological  cross  section  of  mine  on  opposite  page. 

The  ferruginous  schists  and  slates  on  the  foot- wall  side  of  the  ore, 
I  consider  as  the  equivalent  of  the  banded  jaspers  occupying  the  same 
stratigraphical  position  with  reference  to  the  ore,  in  the  Marquette 
district,  while  the  siliceous  schists  or  slates  overlying  the  ore  corre- 
spond to  the  "  hanging  wall  quartzites  "  of  that  district.  Tlie  ores 
of  this  mine  are  a  soft,  steely,  specular  variety;  some  of  the  harder 
portion  present  a  rich  velvety  texture,  and  are  not  easily  scratched 
with  the  knife. 

*  Lake  Eliza  of  Brooks'  report 
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The  first  analysis  which  I  made  of  this  ore  was  of  an  average  sam- 
ple, taken  in  Jane,  1877,  by  myself,  at  every  six  inches  across  the  36- 
foot  vein,  which  afforded  as  follows: 

Perozideof  iron 90.26 

Saica 3.24 

Phosphoric  acid ^.... 53 

Sulphur 02 

Metallic  iron 63.182 

Phosphorus 234 

Average  samples  taken  from  a  shaft  sunk  22  feet  into  the  ledge  on 

the  south  side  of  the  36-foot  vein  (see  sketch),  afforded  me  on  analysis 

as  follows: 

No.  1.  No.  2. 

MetaUiciron 62.20  62.00 

Silica 3.-24  3.44 

Phosphorus 19  .27 

No.  1  was  an  average  collected  by  Major  T.  B.  Brooks,  in  Sept, 
1877,  and  No.  2  is  an  average  taken  a  few  days  later  by  myself. 

Another  sample  from  a  nine  foot  drill-hole  put  down  in  the  bottom 

of  this  shaft,  gave: 

MetaUiciron 63.50 

Silica 2.03 

Phosphorus 32 

Overlying  this  36-foot  vein,  will  be  noticed  a  10-foot  vein  of  lean 
ore.  Taking  an  average  sample  of  this,  it  afforded  me  on  analysis  as 
follows: 

Metallic  iron 48.10 

SiHca 10.60 

Phosphorus 15 

Other  average  samples  afforded  me,  on  partial  analysis,  respectively 

as  follows: 

No.  1.  No.  2.  No.  8. 

MetaUiciron 63.70  66.10  57.50 

SiUca 5.04  4.94  5.57 

Phosphorus 17  .23  .21 

No.  1  was  taken  by  myself  just  south  of  the  10-fect  vein  of  lean 
ore;  No.  2  also  by  myself,  as  an  average  of  the  68-foot  vein  (see 
sketch),  and  No.  3  was  collected  by  Major  Brooks  as  an  average  of 
the  68-foot  vein. 

The  above  analyses,  as  a  whole,  are  certainly  very  good,  especially 
when  we  consider  that  the  average  ores  of  the  36  and  68  foot 
veins  were  taken  across  the  entire  bed,  without  discriminating  between 
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the  lean  streaks  of  ore  or  even  narrow  runs  of  rock,  and  the  ore  itself, 
which  in  the  course  of  mining  would  be  assorted.  The  shipping  ore 
will  probably  average  from  64  to  63  per  centum  of  metallic  iron. 

It  will  be  noticed  that  we  have  in  these  analyses  quite  a  range  in 
the  percentages  of  phosphorus,  from  fifteen  to  thirty-two  one-hun- 
dredths  of  one  per  centum,  and  even  in  the  shaft  we  note  one  .19, 
and  the  other  .27,  while  the  iron  and  silica  are  nearly  the  same. 

These  facts  prove  conclusively  that  the  phosphorus  is  very  unevenly 
distributed.  This,  to  a  certain  extent,  may  be  accounted  for,  in  that  the 
soft,  somewhat  broken  nature  of  the  ore  allows  the  surface  water  and 
even  the  spring  water  from  below,  carrying  frequently  a  trace  of 
phosphoric  acid  in  solution,  to  percolate  through  the  ore  bed.  The 
iron  oxide,  having  a  strong  affinity  for  the  phosphoric  acid,  would  in 
part  deprive  the  water  of  it,  and  thus  would  result  an  ore  more  or 
less  highly  charged  with  phosphorus,  depending,  as  wo  can  readily  see, 
on  its  physical  structure  and  the  permeability  of  the  iron  oxide  to  the 
water.  This  theory,  I  know,  is  questioned;  but  my  experience  as  an 
analytical  chemist  to  the  iron  mines  of  Lake  Superior,  for  several 
years  past,  including  now  those  of  the  Menominee  range,  has  demon- 
strated pretty  clearly  to  my  own  mind  that  it  is  the  correct  explanation. 
I  know  that  some  of  my  Menominee  range  mining  friends  may  doubt 
this  theory,  and  will  probably  say,  "  Our  soft  specular  blue  ores  are, 
as  a  rule,  very  porous,  and  absorb  water  readily;  how  is  it  then  that 
they  contain  so  little  phosphorus? "  At  first  glance,  this  may  appear 
unanswerable,  but  on  second  thought,  it  is  perfectly  consistent  with  the 
above  hypothesis.  The  highly  crystalline  particles  of  these  soft  spec- 
ular ores  are  impervious  to  water,  and  therefore  the  crystallized  iron 
oxide  is  not  affected  by  the  phosphorus  contained  in  the  water. 
These  crystalline  particles  appear,  under  a  strong  Coddington  lens, 
like  small  scales  of  micaceous  specular  iron  ore.  This  will  also  ex- 
plain another  feature,  which  we  have  already  noted;  that  is,  the 
almost  entire  absence  of  any  small  pockets  or  bunches  of  hydrated 
peroxide  of  iron,  or  ochreous  iron  ore,  among  the  soft  specular  blue 
ores. 

"With  regard  to  the  ores  of  the  Commonwealth,  we  find  them,  on 
careful  examination,  to  consist  of  extremely  minute  grains  of  iron 
oxide,  which  are  scarcely  distinguishable  with  the  most  powerful 
Coddington  lens.  No  doubt  that  they  were  originally  crystallized, 
but  now  they  appear  to  bo  a  dense  amorphous  mass  of  microscopic 
grains,  a  very  favorable  condition  for  the  phosphoric  acid  to  attack 
and  unite  with  the  iron  oxide.  The  most  natural  conclusion  we  now 
arrive  at  is,  that  the  Commonweath  and  other  ores  of  this  class  will 
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decrease  in  phosphorus  as  we  go  down  into  the  solid  ledge  where  they 
are  harder  and  more  compact,  and  thereby  are  less  exposed  to  the  seep- 
ing in  of  water  holding  phosphoric  acid  in  solution.  To  show  that  this 
is  not  a  mere  hypothetical  deduction,  I  will  mention  a  few  facts  which 
have  come  under  my  own  observation,  in  connection  with  our  Lake 
Superior  iron  mines.  The  Champion  mine,  in  1872,  averaged  about 
.120  per  cent,  in  phosphorus,  but  now,  300  feet  from  the  surface,  the 
percentage  of  phosphorus  averages  only  .035  per  cent. 

This  decrease  has  been  quite  uniform  from  the  surface  down.  The 
Lake  Superior  mine  has  decreased  from  .120  per  cent,  to  .065  per  cent. 
on  the  240  foot  level.  In  the  Ishpeming  group  of  mines,  of  which 
some  are  too  high  in  phosphorus  for  Bessemer  steel  purposes,  I  have 
found  that  the  diamond  drill,  penetrating  these  same  beds,  at  depthf^ 
varying  from  300  to  800  feet,  has  brought  up  cores  of  iron  ore, 
which,  on  analysis,  gave  low  results  in  phosphorus,  some  as  low  even 
as  .013  per  cent.  Again,  in  the  Winthrop  soft  hematite  mine,  where 
the  ore  a  year  ago  was  rendered  quite  wet  from  water-seeping,  gave 
in  some  analyses  as  high  as  .410  per  cent,  of  phosphorus,  but  now, 
since  they  have  mined  beyond  this  wet  place,  the  phosphorus  has 
been  in  some  analyses  as  low  as  .015  per  cent.,  and  the  average  for 
this  season,  thus  far,  is  only  .044  percent. 

I  could  give  many  other  examples  in  support  of  this  theory,  bat 
these,  I  think,  are  sufficient  to  show  that,  as  a  rule,  the  iron  ores  of 
our  Huronian  region  are  frequently  contaminated  by  water,  holding 
phosphoric  acid  in  solution,  and  when  thus  aflFected,  they  will  decrease 
in  phosphorus  as  we  get  down  into  the  solid  ledge. 

Glancing  again  at  our  sketch  of  the  Commonwealth,  we  find  the 
aggregate  thickness  of  the  three  strata  of  ore  to  be  118  feet,  with  every 
indication  of  its  extending  to  the  east  and  west  of  here.  Whether  it 
will  average  this  great  thickness  for  any  considerable  distance,  can 
only  be  demonstrated  by  actual  exploration.  My  opinion  is,  however, 
that  the  bed  has  been  uncovered  at  one  of  its  strongest  points  and  that 
it  may  lessen  in  width  in  the  direction  of  its  strike  or  dip;  but  even 
if  it  should  decrease,  say  one-half  its  present  thickness,  it  will  still  be 
the  largest  iron  mine  yet  developed  on  the  Menominee  range.  Its 
location  is  exceedingly  favorable,  as  it  is  on  the  summit  of  a  high, 
broad  ridge,  timbered  with  splendid  hardwood,  and  the  soil  for  farm- 
ing purposes  is  most  excellent.  A  preliminary  railroad  survey  to  this 
property  has  shown  that  the  gradients  against  the  ore  will  be  light, 
and  that  the  roadbed  will  not  be  an  expensive  one  to  build, 

West  of  these  workings  about  two  and  one  half  miles,  in  the  south- 
west quarter  of  section  32,  tlu3  company  has  sank  several  test-pits, 
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also  a  shaft  seventy  feet  deep,  which  is  on  a  narrow  bed  of  granular 
specular  ore  carrying  a  little  magnetite.  In  sinking  the  shaft,  the 
stratum  of  ore  widened  from  two  feet  to  ten  feet  and  then  contracted ; 
below  this  it  widened,  but  very  soon  narrowed  again.  No  doubt  but 
that  ore  will  yet  be  found  here  in  paying  quantities. 
The  following  analyses  are  some  that  I  have  made  of  these  ores: 

No.  1.     No.  2.     No.  3. 

Metalliciron 61.55       64.10       65.07 

Silica 7.53         2.31         2.10 

Phosphorus 10  .12  .18 


The  mine  explomtions  are  very  conveniently  located  on  the  east 
end  slope  of  a  high  ridge.  The  next  mine  that  demands  our  atten- 
tion is  known  as  the  Eagle.  It  is  located  in  the  N.  E.  qr.  of  the  S.  E. 
qr.  of  Sec.  20,  T.  40,  E.  18,  Wis. 

Ore  was  first  discovered  here  by  H.  D.  Fisher,  Esq.,  in  1873.  Con- 
siderable test  pitting  and  cross  trenching  has  been  done  immediately 
about  this  place.  The  iron  ores  and  associated  rocks  are  plainly 
bedded,  but  much  contorted,  especially  in  the  eastern  portion  of  the 
exploration.  The  strike  of  the  formation  averages  about  N.  80*  W., 
and  the  prevailing  dip  is  high  to  the  north. 

An  open  trench  about  100  feet  long,  dug  in  a  north  and  south  line, 
exposes  well  the  character  of  the  ore  and  rocks  within  its  limits. 
East  and  north  of  this  trench  a  short  distance,  some  test  pits  have 
been  recently  sunk.  The  first  pit  is  nearly  due  east  of  the  north  end 
of  the  long  tr^si^ch  and  has  iron  ore  in  the  bottom  of  it.  North  of 
this  pit  at  25  and  50  feet  respectively,  are  two  other  test  pits,  also 
with  ore  in  the  bottom,  with  a  fair  indication  of  ore  lying  between 
in  the  covered  spaces. 

Beginning  now  on  the  south  end  of  our  trench  (see  cross  section), 
we  have  first  ten  feet  of  chloritic  rock,  cherty  quartz  and  thin  seams 
of  steely,  specular  ore;  then  comes  ten  feet  of  steely,  specular  ore, 
somewhat  banded  with  cherty  quartz.  An  average  of  this  bed 
afforded  me  on  partial  analysis: 

Metalliciron 49.00 

Silica 20.30 

Phosphoros 14 

Overlying  this,  we  have  eighteen  feet  of  lean  ore,  jasper  and  chlo- 
ritic rock,  portions  of  which  are  partially  decomposed.  Now  follows 
fifteen  feet  of  loose,  shelly,  hard  hematite.  It  is  somewhat  con- 
torted and  broken  up,  and  can  be  easily  picked  out  without  blasting. 
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An  average  of  this  bed,  collected  by  myself,  gave: 

Metallic  iron 53.03 

SiUca 11.60 

Overlying  this  again,  is  eighteen  feet  of  plainly  stratified,  soft 
hematite  and  limonitic  iron  ore,  which  afforded  on  partial  analysis: 

Metallic  iron 57 .00 

Silica 3.80 

Phosphorus .40 

Next  in  order  on  our  cross  section  comes  nine  feet  of  soft  hema- 
tite ore,  which  afforded: 

Metallic  iron 58.10 

Silica 3.04 

In  these  two  beds  we  have  an  aggregate  thickness  of  27  feet  of 
good  hematite,  well  adapted  to  foundry  purposes. 

Next  follows  nine  feet  of  hard  hematite  and  brown  iron  ore,  and 
then  comes  a  fine  steely,  specular  ore,  very  similar  in  appearance  to 
the  most  southerly  ore  shown  on  our  cross  section.  How  far  north- 
ward they  may  continue,  without  any  interstratified  beds  of  rock,  we 
only  can  conjecture,  since  the  trench  terminates  on  this  bed  of  ore, 
after  uncovering  six  feet  of  it.  An  average  analysis  across  this  six 
feet  afforded: 

Metallic  iron 58.10 

Silica 4.00 

Phosphorus .39 

An  analysis  of  hard  hematite  ore  taken  from  the  test  pits,  afforded 
as  follows: 

Oxideof  iron 89.79 

Alumina 3.11 

Lime « 95 

Magnesia ■ 77 

Phosphoric  acid 51 

Sulphur 03 

Silica 8.82 

98.97 

Metalliciron 62.80 

Phosphorus • 22 

West  of  the  Eagle  mine,  about  two  miles,  in  section  25,  town  40, 
and  range  17,  are  several  test  pits  which,  I  understand,  have  devel- 
oped a  fair  showing  of  ore.  This,  I  believe,  comprises  all  the  explor- 
ations of  the  Menominee  range  of  any  note,  in  Wisconsin. 

We  will  now  consider  briefly  the 
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BELTS  OP  MAGNETIC  ATTRACTIONS 

which  our  delicate  needles  have  detected.  The  importance  of  these, 
From  a  scientific  or  economic  standpoint,  cannot  well  be  overestimated. 
In  the  former  instance,  they  indicate  to  us  the  strike  of  the  underly- 
ing covered  rocks,  thereby  enabling  us  often  to  connect  widely  sepa- 
rated outcrops,  and  in  the  latter  instance  they  reveal  the  position  of 
magnetic  ore,  or  rock,  carrying  magnetite. 

I  regret  to  add,  that  as  a  general  rule,  applied  to  the  Huronian 
rocks,  the  attraction  is  more  frequently  due  to  the  latter  cause  than 
to  the  merchantable  ore.  I  am  inclined  to  believe,  however,  from  the 
relation  these  lines  of  attraction  bear  to  the  associated  rocks,  that 
they  very  often  emanate  from  an  iron  ore  belt.  "We  will  consider, 
however,  only  the  more  prominent  of  these  magnetic  belts. 

Traversing  Sees.  8,  5  and  6  of  T.  39,  K.  17,  Wis.,  and  Sees.  36,  35 
and  27  of  T.  40,  R.  16,  in  a  northwesterly  direction,  is  one  of  the 
strongest  and  most  persistent  magnetic  belts  we  found  on  the  Me- 
nominee range,  in  Wisconsin.  We  crossed  it  several  times,  and  when 
we  did  so,  our  compass  needles,  in  every  instance,  apprised  us  of  the 
fact. 

Only  once  did  we  attempt  to  trace  out  the  attraction,  and  in  so 
doing  we  experienced  no  difficulty.  This  was  in  Sees.  36, 35  and  27  of 
T.  40,  R.  17.  I  regret  now  that  we  did  not  do  more  of  this  kind  of 
work,  but  at  that  time  I  had  not  worked  out  our  field  notes  and  not 
knowing,  to  a  certainty,  the  general  trend  of  the  magnetic  belts  and 
associated  rocks,  could  not,  therefore,  have  done  it  as  advantageously 
as  now. 

No  exploring  or  test  pitting  has  been  done  along  this  belt;  but  I 
doubt  not  but  that  workable  deposits  of  good  iron  ore  will  be  found 
within  it.  Northeast  of  this  belt  about  one  mile,  is  another  parallel 
magnetic  belt.     It  is  not  as  strong  or  well  defined  as  the  first  one. 

Northeast  again  in  Sees.  36,  35,  25,  26,  27,  28  and  21  of  T.  40, 
R.  17,  Wis.,  are  several  magnetic  belts.  See  map,  plate  No.  XXX,  for 
location.  This  I  consider  a  promising  locality  for  good  iron  ore,  and  I 
shall  be  greatly  surprised  if  valuable  iron  ore  deposits  are  not  soon 
discovered  here. 

The  attractions  in,  the  south  half  of  Sec.  25,  belong  in  all  proba- 
bility to  the  Commonwealth  range. 

North  again,  in  Sees.  9  and  10,  T.  40,  R.  17,  are  magnetic  belts, 
and  at  the  southeast  corner  of  Sec.  13,  of  this  town,  we  have  a  loose 
ledge  of  plumbaginous  and  ferruginous  schists.  This  we  will,  for  the 
present,  designate  as  the  Eagle  mine  range.     Still  north  again,  on  the 
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Michigan  side  of  the  Bral6  river  and  along  the  north  side  of  the 
chloritic  slates,  has  been  reported  to  me  from  reliable  sources,  deposits 
of  iron  ore  located  in  the  southeast  quarter  of  Sec  25,  T.  42,  R.  83, 
Mich.,  also  in  southwest  quarter  of  Sec.  31  and  near  the  center  of 
Sec.  6,  T.  42  and  43  of  R.  32,  Mich.  These  unquestionably  are  all 
on  the  same  belt,  and  it  appears  to  mo  that  the  easterly  extension  of 
this  range  passes  along  on  the  north  side  of  the  river  in  Sees.  18  and 
17  of  T.  41,  R.  31,  Mich. 

A  line  of  magnetic  attractions  traverses  the  north  half  of  these 
two  sections  in  an  east  and  west  direction.  I  did  not  see  any 
outcrops  in  the  zone  of  these  attractions,  but  saw  instead  several 
pieces  of  specular  quartz  schist,  which  leads  me  to  believe  that  within 
this  "Brul^  range"  is  a  fair  show  for  good  iron  ore. 

We  can  present  now  only  two  locations  on  the  Menominee  range 
in  Wisconsin,  the  Commonwealth  and  Eagle  mines,  where  iron  ore 
has  been  developed  in  paying  quantity,  but  even  with  this  small  be- 
ginning we  have,  I  think,  sufficient  evidence  in  the  belts  of  magnetic 
attractions  to  warrant  the  assertion  that  the  Menominee  range  in 
Wisconsin  will  very  soon  become  one  of  the  leading  iron  mining  dis- 
tricts of  this  country. 

For  the  manufacture  of  charcoal  pig  iron,  it  offers  many  8U]>erior 
advantages  over  any  locality  I  know  of,  which  cannot  fail  to  be 
quickly  recognized  as  soon  as  the  railroad  extension  reaches  this  dis- 
trict. The  timber  in  the  vicinity  of  these  iron  ranges  is  chiefly  hard 
wood,  and  the  land,  when  the  forests  are  cleared  away,  will  yield 
abundant  harvests.  Charcoal  pig  iron  could  be  made  here  with  the 
present  price  of  labor  and  material,  at  a  cost  not  to  exceed  $14  per 
gross  ton,  which  would  afford  a  handsome  profit. 

Another  mineral  which  occurs  in  this  district,  associated  with  the 
iron  formation,  is  the  plumbaginous  schist  This  substance  is  very 
soft  and  friable,  and,  owing  to  this,  it  is  seldom  found  outcropping. 
This  property  is  due  to  the  graphite  it  contains,  and  hence  the  richer 
it  is  in  this  mineral,  the  less  likely  are  we  to  find  it  at  or  near  the 
surface.  These  facts  lead  me  to  the  conclusion  that  very  rich  and 
valuable  deposits  of  it  will  eventually  be  discovered  here.  See,  also, 
lithological  descriptions,  Nos.  149  to  151,  page  716. 

Mr.  H.  A.  Tuttle,  of  the  Commonwealth  Iron  Co.,  who  has  exam- 
ined it  for  economic  purposes,  writes  me,  in  a  recent  letter,  as  follows: 
"  In  answer  to  your  inquiries,  would  state  that  we  find  the  plum- 
baginous schist  all  along  on  the  south  side  of  our  iron  range,  in 
Sees.  32,  33  and  34.  We  dug  into  it  on  the  side  hill  some  fifteen 
feet,  and  in  that  width  did  not  get  across  it.     It  is  very  uniform  as  to 
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quality;  analyses  of  it  gave  forty  per  cent,  of  carbon.  There  have 
been  no  experiments  made  of  it,  except  those  I  made  for  paint,  for 
which  purpose  it  answers  well.  It  is  hardly  pure  enough  for  pencils, 
but  possibly  might  do  for  foundry  facings  and  other  coarse  work." 

The  following  analyses  of  Menominee  iron  ores  was  kindly  fur- 
nished me  by  Mr.  J.  J.  Hagerman,  President  of  the  Menominee  Min- 
ing Company.   The  analyses  were  made  during  1878  and  1879: 


Name  of  Mine. 


Quinnesec. 
Quinnesec. 
Quinnesec 
Quinnesec 
Quinnesec 
Quinnesec 
Quinnesec 
V  ulcan  . . 
Vulcan  . . 
Vulcan  . . 
Vulcan  . . 
Vulcan . . 
Vulcan . . 
Vulcan  . . 
Cyclops.. 
Cyclops... 
Cyclops... 
Cyclops. . , 
Cyclops... 
Norway  . 
Norway  . 
Norway  . 
Norway  . 
Norway  . 
Norway  . 
Norway  . 


Insol. 
Keds. 


4.349 
4.:^9 
5.283 
7.613 

2.980 
4.760 

* 

5.427 

13.95i 

8.40S 

9.726 

8.900 
1.400 

* 

4.964 

11.488 

8.164 

8.839 

3.600 

12.8:^1 

12.377 

15.148 

* 

4.500 
9.700 


Al. 


2.203 
2.341 

2.684 
1.193 

* 

0.380 

2.494 
2.300 
1.664 
0.965 


1.386 
1.508 
1.514 
1.4:i8 
0.950 
0.712 
1.021 
1.892 


Lime. 


1.050 

* 


0.720 


Iron. 


64.633 
64.377 
62.222 
62.667 
67.050 
66.190 
66.410 
63.327 
57.640 
61.850 
61.560 
63.160 
t66.570 
t64.200 
65.486 
60.171 
61.215 
60.393 
64.470 
59.777 
59.760 
57.085 
61.470 
60.640 
59.200 
60.780 


Phos. 


0.007 
0.003 
0.012 
0.016 
0.017 
trace. 
0.017 
trace. 
0.009 
0.017 
0.018 
0.017 
* 

0.013 
0.012 
0.015 
0.014 
0.024 
0.019 
0.008 
0.008 
0.009 


Chemist. 


Lucy  Furnace  Co. 
Lucy  Furnace  Co. 
Lucy  Furnace  Co. 
Lucy  Furnace  Co. 
Cambria  Iron  Co. 
C.  E.  Wright. 
C.  E.  Wright. 
Lucy  Furnace  Co. 
Lucy  Furnace  Co. 
Lucy  Furnace  Co. 
Lucy  Furnace  Co. 
Cambria  Iron  Co. 
C.  E.  Wright. 
C.  E.  Wright. 
Lucy  Furnace  Co. 
Lucy  Furnace  Co. 
Lucy  Furnace  Co 
Lucy  Furnace  Co. 
C.  E.  Wright. 
Lucy  Furnace  Co. 
Lucy  Furnace  Co. 
Lucy  Furnace  Co. 
C.  E.  Wright. 
C.  E.  Wright. 
C.  E.  Wright. 
C.  E.  Wright. 


*  Not  determined. 


f  New  bod,  Juat  opened. 
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CHAPTER  II. 

LITHOLOGY* 

Tho  following  descriptions  of  rocks,  written  early  ia  1875,  are  of 
specimens  collected  from  the  Menominee  iron  district,  by  Major  T.B. 
Brooks  and  myself,  during  the  autumn  of  1874. 

The  following  lithological  classification  is  taken  from  Dr.  F.  Zirkel's 
work  on  Petrographie: 

I.  Simple  rocks. 

II.  Quartzose  rocks. 

III.  Silicate  rocks. 

IV.  Iron  ores.    (See  also  Economic  Chapter.) 
V.  Carbonaceous  rocks. 

VI.    Granitoid  rock. 

For  convenience  of  reference  a  table  will  be  found  at  the  end  of 
this  chapter,  which  gives  in  each  set  of  columns  the  descriptive  num- 
ber and  the  corresponding  collection  number  now  attached  to  the 
specimen. 

Calcarcons  rocks. 

rhese  are  represented  by  only  two  spacimena,  Nos.  1  and  2.  The  first  is  a  coane 
granular  limestone,  holding  apparently  slender  blades  of  cyanite.  The  other  is  a  pink- 
ish gray,  very  fine  grained,  siliceoas  marble. 

Quartzose  rocks. 

Under  this  heading  are  described,  first,  the  purer  quartzites  and  qoarts-adusts,  tbes 
the  micaceous  quartz-schists  and  mica-schists.  The  reason  for  bringing  the  mica-schoti 
under  this  heading,  is  that  the  three  named  schists  are  often  present  in  the  same  bed, 
and  pass  so  gradually  into  each  other,  that  it  is  very  difficult  to  define  their  division 
line,  except,  perhaps,  in  a  few  isolated  cases,  where  e?en  th2n  it  might  be  qoestioiiafale 
if  such  a  division  were  desirable. 

Next  in  order  are  two  varieties  of  the  mica-schists,  stanrolitiferous  and  gametiferoas, 
and  finally  the  talcose,  chloritic  and  specular  quartx-schists. 

Amphibolites. 

These  rocks  are  composed  chiefly  of  amphibole,  with  quart*  and  feldspar  in  TviaUe 
quantities.  Mica,  chlorite,  lime,  pyrite  and  magnetite  are  often  present  as  aocessories; 
also  viridite  as  a  secondary  product  of  alteration.  By  reason  of  well  cfaaractexiKd 
differences  in  these  rocks,  I  have  divided  them  into  four  classes,  vii. :  Amphiboie  lock, 
actinolite  schist,  hornblende  schist,  and  hornblende  rock. 

•  Thli  chapter  wts  prepared  esriy  in  isn. 
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The  first,  the  amphibole  rock,  is  light  to  daxk-green,  fine-grained,  very  compact,  and 
rings  when  stmck  with  the  hammer.  It  is  usually  massive  and  strongly  jointed.  Under 
the  microscope,  the  amphibole  presents  a  bushy  structure,  resembling  actinolite.  As 
accessories  may  be  counted  chlorite,  pyrites,  quartz,  mica  and  lime. 

2.  AcTiNOLiTE-ScHisTs.  —  These  vary  greatly  in  structure  and  texture;  some  are 
minutely  fibrous,  others  are  coarsely  so.  Many  are  highly  ferruginous,  others  are  very 
siliceous.  The  principal  ingredients,  however,  are  actinolite  and  quartz  with  chlorite, 
talc,  and  somatimes  anthophyllite.  Mica,  pyrite  and  magnetite  are  often  contained  as 
accessories. 

3.  Hornblende-Schists.  —  They  have  usually  a  greenish  to  grayish-black  color, 
fine-grained  texture.  Schist  planes  are  strongly  marked,  though  not  always  apparent 
in  the  hand  specimen.  To  the  touch  they  have  a  raspy  feel.  Their  principal  ingredi- 
ents are  amphibole  and  quartz,  with  feldspar  (sometimes  piominent),  mica,  chlorite, 
magnetite,  hme  and  pyrites,  as  accessories.  Some  of  them,  when  holding  considerable 
feldspar,  resemble  hornblende-gneiss. 

To  form  a  separate  division  under  this  name  would  be  hardly  feasible  from  our  present 
data,  and  for  that  reason  I  have  considered  them  all  under  the  above  heading. 

4.  Hornblende-Rocks.  —  These  vary  greatly  in  texture  and  somewhat  in  the  pro- 
portion of  the  essential  injpredients,  namely,  amphibole,  quartz  and  feldspar,  with  mica 
chlorite,  magnetite  and  pyrite  as  accessories. 

Greenstones. 

The  members  of  thb  group  differ  from  those  of  the  amphibolltes  in  their  more  basic 
nature,  and  in  containing  but  very  little,  if  any,  quartz. 

Their  principal  ingredients  are  pyroxene  and  triclinic  feldspar  (diabase)  or  amphibole 
and  triclinic  feldspar  (diorite).  Chlorite  is  usually  present  as  an  accessoiy,  but  some- 
times as  an  essential  mineral  (chloritic  diorite).  To  distinguish  the  members  of  this 
family  I  have  divided  them  into  four  groups,  viz:  Diabase,  diorite,  hornblende- diorita 
and  chloritic-diorite. 

The  diabases  are  represented  by  only  one  speciman  in  my  suite,  which  in  appearance 
resembles  some  of  the  hornblende  schists.  Its  presence  is  very  intei-esting  since  it  is  the 
first  pyroxenic  roCk  1  have  met  in  the  Lower  Huronian  series.* 

The  diorites  are  well  represented.  They  range  from  an  aphanitic  to  a  coarse  gran- 
ular porphyritic  texture.  Their  color  varies  greatly,  depending  on  the  peixjenta^  of  « 
amphibole  or  chlorite.  They  are  usually  massive,  showing  only  obscure  signs  of  bed- 
ding, and  often  resemble  very  much  the  hornblende  rocks  of  the  amphibolites.  So 
strong  is  this  similarity  in  many  instances,  that  it  is  impossible  to  decide  between  Uiem 
by  the  eye  alone. 

Schists  and  slates. 

Under  this  broad  title  are  Included  the  chloritic,  talcose  and  argillaceous  schists  and 
slates. 

They  represent,  I  believe,  nearly  all  the  varieties  we  have  met  in  the  Huronian  series. 

Commencing  first  with  the  chloritic  schists,  we  find  them  closely  allied  to  the  green- 
stones. Their  manner  of  association  would,  in  many  instances,  refer  their  origin  to  the 
greenstone-ashes,  while  on  the  other  hand  is  suggested  the  possibility  of  a  transition  of 
the  former  into  the  latter  (assuming  that  the  greenstones  of  this  section  are  metamor- 
phic).  Passing  hastily  ^  the  many  varieties  of  chloritic  schists  and  slates,  we  meet  in 
the  order  described,  the  talcose  and  argillaceous  schists  and  slates. 

>  A  better  microscopic  section  of  1025,  App.,  C.  Mich.  Oeol.  Rep  ,  sliows  it  to  be  «  CAlcareoas 
dIoriU). 

s  Tlie  general  aplimnittc  and  obscare  clitracter  of  these  rocks  renders  it  very  difflcalt,  in  the 
absence  of  analyses  and  with  only  a  few  microscopic  sections,  to  saj  any  t  h  ng  definite  abont  them. 
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Lasilj  are  considered  the  rich  and  lean  iron  ores,  the  carbonaceous  rocks  and  granites. 

No.  1  (Sp.  2036»).— Ciystalline  limestone  or  marble.  800  N.,  600  W.,* Sec. 
34,  T.  42,  R.  30,  Mich. 

Grayish- white.  Coarse  granular  crystalline  texture.  Massive,  uneven  conchoidal 
fracture.  On  weathered  surface  can  be  seen  several  partially  altered  crystal  fragmenti, 
resembling  those  of  cyanite.  They  remain  in  the  insoluble  residue  after  treatment  with 
acid.'  Placing  the  residue  under  the  microscope  and  bringmg  the  edge  of  these  insoln- 
ble  pieces  parallel  with  either  of  the  principal  planes  of  the  crossed  nicols,  they  lemain 
light,  and  only  become  dark  when  the  edge  makes  quite  an  angle  with  the  crossed  nicol 
planes. 

No.  2  (Sp.  2063).  —  Siliceons  marble.    900  N.,  0  W.,  Sec.  82,  T.  40,  R.  30,  Mid. 

Light  pinkish-gray.  Dull,  vitreous  luster,  approaching  a  semi-enamellar  texture. 
Subconchoidal  fracture.  Traversing  the  rock  are  narrow  gray,  siliceous  seams,  that  are 
best  observed  on  a  weathered  surface. 

The  veins  cross  each  other,  and  vary  in  width  from  the  thickness  of  a  sheet  of  paper 
to  one-eighth  of  an  inch. 

Weathers  to  a  light  drab.  Hardness,  about  4.5.  Sight  effervescence  in  cold  add, 
but  on  warming  becomes  bripJc,  and  finally  leaves  a  large  siliceous  residue,  whirb,  ex- 
amined under  the  microscope,  is  seen  to  consist  of  irregular,  angular  crystalline  frag- 
ments.   BB.*  becomes  pale  lemon  color  without  fusing. 

Qaartzose  rocks. 

No.  3  (Sp.  2083).  —  Qaartzite,    0  N.,  1,000  W.,  Sec.  17,  T.  41,  R.  30,  Midi. 

Grayish  white.  Even,  arenaceous,  semi-saccharoidal  texture.  Dull,  vitreous  luster. 
Somewhat  jointed.  One  surface  is  broadly  corrugated,  resembling  ripple  or  gladai 
markings.  The  corrugations  measure  about  one  inch  from  crest  to  crest.  Sp.  Gr.  2.6S. 
Resembles,  at  first  glance,  a  highly  indurated  sandstone. 

No.  4  (Sp.  20S5).  —  Quartzite.    2,000  N.,  1,000  W.,  Sec  3,  T.  41.  R.  30,  Mich. 

Grayish-white,  mottled  with  pale -green.  Raw,  vitreous  texture.  The  greenish  min- 
eral has  a  fibrous,  often  radiated,  structure.  Taking  a  few  of  these  acicular  oystab 
and  examining  them  under  the  microscope,  they  appear  to  be  those  of  actinoUte. 

No.  5  (Sp.  2187).  — Qnartz-conglomerate.  1750  N.,  500  W.,  Sec.  25,  T.  40,  B. 
^17,  Wis. 

The  predominating  color  is  grayish- white,  with  several  bluish-black  fragments  of 
oypto-crystalline  quartz. 

Unevenly  distributed  through  the  mass  are  bright,  glistening,  pinkish-red  scales, 
that  give  the  specimen  often  the  appearance  of  aventnrine  quartzite.  Some  of  the 
fragments  are  an  inch  across.  Surrounding  many  of  the  larger  quartz  grains  are  thin, 
pale-greenish,  talcy  layers. 

No.  6  (Sp.  2093).—  Chloritic  quartzite.  S.  W.  qr.  of  N.  E.  qr..  Sec.  23,  T.  41,  B. 
31,  Mich. 

Dark  green,  sprinkled  with  light  gray,  medium  grained,  even  textured,  strcmfl^jr 
jointed.  With  a  good  lens  can  be  seen  numerous  bluish  grains,  having  a  oonchoidal 
fracture,  which  are  probably  those  of  quartz. 

Under  the  M.'  in  polarized  light,  the  grains  of  quartz  in  a  section  of  the  rock  appear 

1  Spec  "So.  (2060)  is  the  number  that  Is  now  attached  to  the  specimens. 

>  t^  N.  and  tOO  W.  are  respectively  the  number  of  paces.  The  outcrop  from  which  the  spedBea 
was  taken  is  located  from  the  southeast  corner  of  the  section,  9000  paces  being  considered  eqnsl  to 
one  mile. 

*  Hydrochloric  acid. 

*  Defore  the  blow  pipe. 

*  M.  equals  Microscope. 
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somewhat  rounded,  and  average  about  one-fourth  of  an  inch  across.  The  matrix  lying 
between  the  grains  is  composed  of  altered  fragments  of  feldspar,  small  quartz  grains 
and  leaves  of  chlorite.    The  cement  forms  about  one-half  the  entire  moss. 

With  a  power  of  500  X*  can  be  seen  in  the  quartz  a  few  dancing  bubble  cavities.' 
Heating  the  slide  to  100"*  C,  the  bubble  becomes  quiet,  but  does  not  disappear. 

Spec.  2095,  from  S.  W.  qr.  of  N.  E.  qr.,  Sec.  23,  T.  41,  R.  31,  Mich.,  is  very  similar 
to  2093. 

No.  7  (Sp.  2158).— Chloritic  qnartzite.  (Provisional.)  N.  W.  qr.  of  N.  W.  qr., 
Sec.  16,  T.  41,  R.  31,  Mich. 

Greenish-gray,  mottled  with  gray.  The  base  has  a  fine-grained  texture,  thickly 
strewed  with  small  rounded  grayish  grains  of  quartz,  and  minute  black  scales  of 
chlorite  or  mica.  An  occasional  small  crystel  facet  is  visible,  resembling  that  of  feld- 
spar.   Weathers  to  a  li^ht  drab. 

No.  8  (Sp.  2074).—  Arenaceoas  qaartzose  schist  Four  Ft.  Falls,  N.  E.  qr.  of 
N.  W.  qr.,  Sec.  14,  T.  39,  R.  19,  Wis. 

Very  pale  greenish-gray,  mottled  with  brown.  Fine-grained,  arenaceous  texture. 
The  brownish  spots  appear  to  be  due  to  the  decomposition  of  some  ferruginous  min- 
eral. Schistose  structure.  Coursing  through  the  specimen,  is  a  vein  of  glassy  quartz 
nearly  an  inch  in  width. 

No  effervescence  in  acid.  BB.  infusible.  The  specimen  resembles  a  caldferous 
sandstone. 

No.  9  (Sp.  2216).—  Qaartzose  schist.    50  N.,  1300  W.,  Sec.  23,  T.  39,  R.  J7,  Wis. 

light  bluish-gray.  Aphaiutic  marbly  texture.  Under  the  lens  it  appears  arena- 
ceous. Schistose  structure  not  very  distinct.  Cleaves  with  difficulty  into  thick  plates. 
On  splitting  planes  it  is  often  talcy. 

No.  10  (Sp.  2081).— Arenaceous  qaartzose  schist.  1250  N.,  1750  W.,  Sec.  30,  T. 
41,  R.  30,  Mich. 

Dark  gray,  fine-grained,  arenaceous  texture.  Some  portions  are  brownish,  which  is 
evidently  due  to  decomposition.  Disseminated  in  the  gray  portions  of  the  rock  are 
minute  bunches  of  oxide  of  iron,  as  may  be  seen  by  examining  carefully  a  fresh  scrateh 
made  with  the  knife  point 

BB.  fuses  at  6,  to  a  blebby  enamel. 

No.  1 1  (Sp.  2162).  —  Micaceoas  qaartz-scliist  S.  W.  qr.  of  Sec.  a5,  T.  42,  R.  32, 
Mich. 

Silvery  grayish-green  on  cleavage  planes,  and  shimmering  luster.  On  edge,  dark 
grayish-green;  fine-grained  arencu^eous  texture.  Weathers  nearly  a  quarter  of  an  inch 
from  surface  to  a  light  grayish-drab.  Schistose  structure.  Cleaves  readily  into  even 
thick  plates.  Somewhat  jointed.  Under  the  M.,  the  section  appears  composed  chiefly  of 
small,  angular  grains  of  quartz,  interspersed  with  numerous  greenish  leaves  of  chlorite 
and  a  few  brownish  ones  of  mica;  also  several  opaque  grains  of  magnetite. 

No.  12  (Sp.  2163.)— Micaceoas  qaartz-schist  Paint  River  Portage.  S.  W.  qr. 
of  Sec.  a5,  T.  42.  R.  32,  Mich. 

Dark  steel-gray;  fine-grained,  even,  arenaceous  texture.  Schistose  structure.  Some- 
what jointed.  Slightly  friable.  A  fresh  cleavage  surface  has  a  sparkling  luster.  With 
a  strong  lens  can  be  seen  veiy  minute  black  scales  of  mica.  BB.  fuses  at  4.5  to  a 
pale  green  glass. 

No.  13  (Sp.  2205).  — Micaceous  quartz-schist  1520  N.,  850  W.,  Sec.  22,  T.  39 
R.  17,  Wis. 

Dark  gray.  Fine-grained  arenaceous  texture.  Weathers  to  a  light  grayish-drab. 
Schistose  structure.    Cleaving  into  plates  about  half  an  inch  in  thickness.    Inter- 

>  600  X  eqnftls  600  diameters. 

s  Dancing  babble  cavities  are  cavitlts  nearly  filled  with  liquid  and  a  moving  babble. 
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spersed  in  the  specimen  are  namerous  white  scales  of  mica;  also  seyeral  tinj  black  c 
BB.  fuses  at  5  to  a  blebby  glass.  Under  the  M.,  in  the  polarized  light,  a  Kctioo 
of  the  rock  presents  a  fine  quartzy  base,  intnspersed  with  a  few  large  qoartz  graint; 
also  light  and  dark-colored  micas,  muscoyite  and  biotite.  An  occasional  alteied  frag- 
ment  of  feldspar  and  a  grayish  patch  of  calcite  can  be  recognized.  The  schistose  fctmct- 
ure  is  very  apparent.  With  a  power  of  500  diameters  may  be  seen,  scattered  throogfa 
the  section,  numerous  minute  crystals  resembling  those  of  rutile. 

No.  14  (Sp.  2206).  — Micaceous  qnartz-schist  1640  N.,  620  W,  Sec  22,  T.  39. 
R  17  Wis. 

Dark  gray.  Fine-grained,  arenaceous  texture.  Schistose  structure.  The  dearagv 
planes  are  finely  corrugated.  With  the  lens  can  be  recognized  numerous  small  scales  of 
black  and  white  mica;  the  former  greatly  in  excess  of  the  latter.  Effervesces  briskly  in 
acid  for  a  moment.  BB.  infusible.  Under  the  M.  it  presents  a  very  arenaceous  base. 
The  grains  are  small  and  elongated,  averaging  about  one-four-hundredth  of  an  indi 
across.  The  longer  axis  of  the  gr^ns  have  a  common  trend.  Scattered  through  tiie 
section  are  numerous  leaves  of  brown  mica;  also  a  few  fragments  of  chlorite. 

No.  16  (Sp.  2223).  — Micaceous  quartz-schist  900  N.,  50  W.,  Sec  24,  T.  39,  R. 
17,  Wis. 

Dark  steel-gray,  sprinkled  with  light  gray.  Fine-grained  texture.  Cleaves  readily 
into  thick  plates.  With  the  strong  lens  are  visible  numerous  black  scales  of  mica. 
Scattered  over  the  surface  are  several  particles  of  iron  pyrites;  also  bunches  of  cakate. 
Under  the  M.,  between  the  crossed  nicols,  it  presents  an  indistinct,  very  fine-grained, 
arenaceous  base,  strewn  with  numerous  brownish  leaves  of  biotite  and  a  few  partially 
decomposed  ciystals  of  orthodase. 

No.  16  (Sp.  2281).  —Micaceous  quartz-schist  1200  N.,  1825  W.,  Sec  23,  T.  39, 
R.  17,  Wis. 

Light-gray,  slightly  tinged  with  blue.    Very  fine-grained  texture. 

Under  the  loupe  it  appears  arenaceous,  interspersed  with  minute  dark  scales  of  biotite. 
Schistose  structure;  the  cleavage  planes,  owmg  to  the  fragile  nature  of  the  rode,  are 
not  very  even.    On  the  surface  are  visible  small  bunches  of  bronze-colored  mica. 

Weathers  to  a  light-drab.  No  effervescence  in  acid.  BB.  fuses  at  6  to  a  white 
enamel.  Under  the  M.,  between  the  +  nicols,  it  presents  a  veiy  pretty  chromatic  field. 
The  grains  of  quartz  are  quite  small,  averaging  not  more  than  j^^  of  an  indi  acrom. 
Interspersed  through  the  section  are  several  leaves  of  brown  mica  biotite;  also  oolorieas 
ones  resembling  talc.  An  occasional  highly  altered  fragment  of  some  mineral,  appar* 
ently  that  of  orthoclase,  can  be  recognized. 

With  a  power  of  500  X  can  be  seen  a  few  minute,  plain  and  twin  crystals,  resembling 
those  of  rutile.  They  are  quite  small,  averaging  about  rAijf  of  an  inch  in  length  and 
Tvhvjf  0^  ^^  ii^^  ^°  thickness. 

No.  17  (Sp.  2231).  —  Micaceous  quartz-schist  1025  N.,  1350  W.,  Sec.  29.  T.  39, 
R.  18,  Wis. 

light  yellowish -drab;  very  fine,  arenaceous  texture.  Schistose  structure.  The 
splitting  planes  usually  gUsten  with  minute  scales  of  mica. 

Disseminated  in  the  mass  can  be  seen,  under  a  strong  lens,  numerous  leaves  of  daxk- 
brownish  biotite. 

No.  18  (Sp.  2233).  —Micaceous  quartz-schist  1600  N.,  600  W.,  Sec  29,  T.  39, 
R.  18,  Wis. 

Dark-gray,  mixed  with  black.  Fine-grained  texture;  somewhat  arenaceous.  Sdiist- 
ose  structure;  the  schist  planes  being  often  covered  with  thin  films  of  lime.  Scattered 
through  the  rock  are  numerous  scales  of  black  mica.  The  specimen  examined  on  the 
edge  resembles,  slightly,  Sp.  2226. 

BB.  fuses  at  4.5  to  a  greenish  bead.     Under  the  M.,  the  rock  appears  somewhat 
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altered.  With  the  +  mcols  can  bs  recognized  numerous  small  brownish  leaves  of 
biotite,  grayish  patches  of  lime,  fragments  of  amphibole,  chlorite,  a  great  many  grains 
of  quartz  and  partially  decomposed  feldspar;  also  several  slender  forms  of  some  opaque 
mineral. 

No.  19  (Sp.  2159).  — Mlca^chist.    1,000  N.,  1,000  W.,  Sec  8,  T.  41,  R.  31,  Mich. 

Mixture  of  dark  and  light  gray.  Fine-grained,  arenaceous  texture  On  cleavage  sur- 
face it  has  a  bright,  shimmering  luster.  Schistose  structure,  cleaving  into  thick  plates. 
The  scales  of  mica  are  quite  small,  but  easily  recognized  under  the  loupe. 

No.  20  (Sp.  2161).  —  Mica-schist  Paint  Portage,  N.  W.  qr.  Sec.  36,  T.  42,  R.  32, 
Mich. 

Pearly  greenish-gray,  and  bright,  shimmering  luster.  Finely  corrugated,  schistose 
structure.  The  cleavage  surface  appears  somewhat  knotty.  On  the  edge  of  a  fresh 
fracture  it  presents  an  arenaceous  texture;  cleaves  readily  into  thick  plates. 

No.  21  (Sp.  2145).  — Chloritic  mica  schist  500  N.,  2,000  W.,  Sec.  9,  T.41,  R.  31, 
Mich. 

Grayish-green;  on  deava^  planes  it  presents  a  bright,  shimmering  texture.  Very 
fissile,  spUtting  readily  into  thick  plates.  The  grayish  scales  of  mica  are  quite  small, 
but  are  easily  recognized  with  the  loupe.  Examined  on  the  edge,  across  the  lamination 
it  shows  a  grayish,  very  arenaceous  texture.  Under  the  microscope,  it  presents  a  highly 
arenaceous  base,  interspersed  with  brownish  and  greenish  leaves  of  mica  and  chlorite. 

Sp.  2146,  Cedar  Rapids,  1,250  N.,  900  W.,  Sec.  8,  T.  41,  R.  31,  Mich.,  is  a  variety 
of  Sp.  2145,  containing  more  chlorite,  is  less  siliceous,  and  has  a  crumpled  or  wavy 
schistose  structure. 

No.  22  (Sp.  2160).  —  StauroUtiferous  mica-schist  (Prov.)  450  N.,  1,850  W.,  Sec 
31,  T.  42,  R.  31,  Mich. 

Pearly,  greenish-gray,  and  bright,  shimmering  luster.  Corrugated,  wavy,  schistose 
structure.  On  cleavage  surface  it  appears  knotty.  On  weathered  surface  are  prominent, 
numerous  crystals  resembling  those  of  staurolite;  the  crystals  in  the  hand  specimen  are 
very  imperfect,  but  one  fragment  is  apparently  a  portion  of  a  twin  or  croaa  crystal  of 
staurolite. 

See  specimen  61,  State  Collection,  App.  B.,  page  209.  Vol.  II,  Mich.  Geol  Survey,  1873. 

No.23(Sp.  2220).  — Garnetiferous  chloro-mica-schist  1775  N.,  500  W.,  Sec. 
25,  T.  39,  R.  17,  Wis. 

Mixture  of  grayish-green  and  light-gray.  Fine  grained  texture.  On  the  edge  can 
be  seen  numerous  crystals  of  red  garnet,  many  of  which  are  one-eighth  inch  across. 
Disseminated  in  the  mass  are  small  scales  of  brown  and  black  micas;  light  greenish 
mineral  or  substance  is  visible  under  a  strong  loupe.  No  effervescence  in  acid.  BB. 
fuses  at  4.5  to  a  black  magnetic  bead. 

Under  the  M.,  the  section  appears  to  be  an  aggregation  of  quartz-grains,  chlorite, 
mica,  garnet,  fragments  of  feldspar,  and  magnetite.  The  chlorite  is  light  green.  The 
mica,  dark  brown  and  is  largely  contained.  Only  a  little  feldspar  can  be  recognized; 
there  are,  however,  several  grayish  patches  that  remain  light  between  the  +  nicols, 
which  may  be  due  to  decomposed  feldspar.  The  garnets  are  readily  distinguished  by 
their  form  and  by  their  becoming  dark  between  the  crossed  nicols. 

No.  24  (Sp.  2213).  —  Talcy  qnartzose  schist  600  N.,  1000  W.,  Sec  24,  T.  40,  R. 
17,  Wis. 

Silvery  gray,  tinged  with  pink.  Indistinct,  medium  grained  texture.  Schistose 
structure;  the  cleavage  planes  are  usually  covered  with  silvery  scales  of  talc.  No  effer- 
vescence in  acid.    BB.  infusible. 

Under  the  M.,  the  grains  of  quartz  appear  to  vary  greatly  in  size,  the  larger  ones 
being  about  one-eightieth  of  an  inch  across.  Lying  between  the  quartz-grains  is  the 
nearly  colorless  talcy  mineral;  it  is  often  minutely  fibrous,  but  usually  in  slender  scales. 
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With  a  power  of  500  X  con  be  seen  in  the  qnartz,  dandn^r  babble  cavities. 

No.  25  (Sp.  2089).  —  Chloritic  qnartzose  schist  750  N.,  1000  W.,  Sec  18,  T.  40, 
R.  19,  Wis. 

Dark  grayish  green.  Fine  grained  texture.  Schistose  stmctore  rather  obsane; 
cleaves  into  rhombohedral  shaped  masses.  Hardness  3.  to  4.  Streak  powder  yellowiifa 
green.    Effervesces  briskly  in  acid  for  a  moment.    6B.  foses  at  5.  to  a  black  glass. 

No.  26  (Sp.  2090).— Chloritic  arenaceons  schist.  750  N.,  1000  W..  Sec  18,  T. 
40,  R.  19,  Wis. 

Grayish  greenish  black.  Weathers  to  a  dirty  greenish  drab.  Even,  fine-grained 
textnre.  With  a  strong  lonpe  the  minute  greenish  black  scales  of  chlorite  are  barely 
visible.    Hardness,  3.  to  4.    Slight  effervescence  in  add. 

Under  the  M.,  nearly  all  the  chlorite  becomes  dark  between  the  +  nicols;  only  a  lew 
fragments  that  are  cut  only  slightly  oblique  or  nearly  parallel  to  the  principal  crystal- 
line axis,  afford  any  light.  The  minute  chromatic  grains  of  quartz  are  easily  reco^ 
nized;  also,  small  granules  of  lime,  which  are  often  united,  forming  small  grayiih 
patches  in  the  field.    A  little  magnetite  is  visible. 

No.  27  (Sp.  2091).—  Chloritic  arenaceous  schist  900  N.,  100  W.,  Sec  18,  T.  40, 
R.  19,  Wis. 

Dark  greenish  black,  sprinkled  with  gray.  Somewhat  jointed.  Irregolar  schistoie 
structure.  Hardness  about  3.5.  Slight  effervescence  in  add.  BB.  fuses  at  4,  with  in- 
tumescence to  a  dark  green,  magnetic  glass.  Under  the  M.,  in  the  polarized  light,  the 
grains  of  quartz  and  chlorite  are  easily  recognized,  and  appear  to  be  almost  equally 
divided;  the  former  are  angular  and  average  about  jl^  of  an  inch  in  size.  Scattered 
in  the  section  are  a  few  grayish  patches,  probably  lime.  In  the  common  light  the 
brown  leaves  of  mica  are  plainly  visible.  Thickly  disseminated  in  the  section,  are  mi* 
nute  opaque  particles  resembling  magnetite. 

No.  28  (Sp.  2225).— Chloritic  quartzsehi^t  Oa  Pins  river.  Se3,  30,  T.  39,  R. 
18,  Wis. 

Dark  gray.  Fine-grained  texture.  Schistose  structure.  On  the  surface  are  visiWe 
several  feicets  of  feldspar;  also  very  minute  silvery  scales.  With  a  strong  loope 
can  be  recognized  numerous  small  black  leaves  of  mica.  Feeble  effervescence  in 
add.  Under  the  M.,  in  the  polarized  light,  portions  of  the  section  present  a  dim, 
grayish  texture,  while  others  are  very  arenaceous.  Several  large  fragments  of  highly 
altered  crystals  of  feldspar  are  contained;  also  a  few  of  chlorite  or  mica.  With  a 
power  of  500  X  can  be  seen  several  minute,  rutile-like  crystals.    See  No.  16  (Sp.  2281). 

No.  29  (Sp.  2222).  —  Chloritic  qaartzose  schist  150  N.,  1540  W.,  See.  24,  T.  39. 
R.  17,  Wis. 

Deep  greenish-gray  and  grayish-white.  Dull,  semi-vitreous  luster.  Cleaves  not 
easily  into  plates,  having  pitted  surfaces.  A  fresh  fracture  is  often  strewn  with  white, 
talcy  scales.  Somewhat  jointed.  Under  the  M.,  in  the  polarized  light,  very  similar 
to  No.  28  (Sp.  2225).  With  a  power  of  500  X,  the  section  appears  thickly  scattered 
with  very  minute  simple  and  twin  crystab  resembling  rutile.    See  No.  16  (Sp.  2281). 

No.  30  (Sp.  2232).  — Chloritic  quartzose  schist.  1150  N.,  1050  W.,  Sec  29.  T. 
39,  R.  18,  Wis. 

Grayish-green,  tinged  with  purple.  Fine-grained,  slightly  glistening  texture. 
Schistose  structure.  With  the  loupe  can  be  seen  a  pale  greenish  mineral  lesemUing 
talc.  No  effervescence  in  add.  BB.  portions  of  it  fuse  at  5.  to  a  yellowish  gray  glass, 
Under  the  M.,  between  the  crossed  nicols,  can  be  seen  numerous  grayish  patdies,  appar- 
ently those  of  decomposed  feldspar.  Scattered  in  the  section  are  sm^l,  pale  greenish 
colorless  leaves,  resembling  those  of  chlorite.  The  small  grains  of  quartz  are  easiJy 
recognized.    With  a  power  of  500  X  are  visible  the  minute  rutile-like  crystals. 
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No.  31  (Sp.  2058).  —  Chloritic  qnartzose  schist  1650  N.,  0  W.,  Sec.  15,  T.  38, 
R.  20,  Wis. 

Lighfc  greenish-gray;  aphanitic  texture.    Cleayes  readily  into  thick  slates. 

The  cleavage  surface  usually  shimmers  with  minute  scales.  The  joints  are  often  filled 
with  calcite  and  quartz.  Hardness,  aboufc  4.5.  BB.  fuses  at  4.5  to  a  very  pale-green 
glass. 

Under  the  M.,  between  the  +  nicols,  it  presents  an  indistinct  arenaceous  texture. 
In  the  plain  light,  with  a  power  of  500  X»  can  be  seen  numerous  pale-greenish  leaves 
of  chlorite,  also  rutile-like  crystals.  This  latter  fact  is  rather  interesting  since  some 
twenty  miles  intervene  between  this  and  the  other  specimens  holding  apparently  rutile. 

No.  32  (Sp.  2224).  —  Specular  quartzose  schist.  1050  N.,  350  W.,  Sec.  19,  T.  39, 
R.  18,  Wis. 

Grayish-white  and  bright,  metallic  steel-gray.  Fine-grained,  arenaceous  texture. 
The  surface  in  a  side  fracture  has  a  sUghtly  motUed  appearance,  owing  to  lenticular 
shaped  bunches  of  arenaceous  quartz.  The  quartz  forms  the  base  of  the  rocks  through 
which  is  disseminated  the  minute  scales  of  specular  ore,  and  the  two  are  often  in  irregu- 
lar layers. 

No.  33  (Sp.  21S4).  —  Specular  quartzose  schist  200  N.,  1800  W.,  Sec.  32,  T.  40, 
R.  18,  Wis. 

Bluish-gray  and  grayish-white,  banded  with  bpecular  ore.  Fine-grained,  arenaciH)us 
texture. 

The  specular  layers  examined  under  the  loupe  appear  to  be  a  mixture  of  chlorite  and 
specular  ore.  Somewhat  friable.  Sp.  Gr.  2.80.  The  specimen  resembles  some  of  the 
magnetic  schists  at  the  Michigamme  mine  of  the  Marquette  Iron  district  (See  eco- 
nomic  chapter.) 

Amphibolites. 

No.  84  (Sp.  2132).  —  Chloritic  amphibofe  rock.  1800  N.,  1950  W.,  Sec.  7,  T.  39, 
R.  19,  Wis. 

Dark  grayish  green;  aphanitic  texture.  Very  jointed,  cleaving  often  into  thick  plates, 
but  usually  in  three  directions  unequally  inclined  to  each  other.  Hardness  about  5.  Streak 
powder  grayish  white.  Sp.  Gr.  3.03.  Very  feeble  effervescence  in  acid.  BB.  fuses 
at  4.  to  a  black  glass.  Under  the  M.,  the  amphibole  presents  a  fibrous,  bushy  struct- 
ure resembling  actinolite. 

The  chlorite  is  evenly  distributed  in  pale  greenish  leaves. 

An  occasional  grayish  patch  of  lime  and  a  few  grains  of  quartz  are  easily  recognized. 
With  a  power  of  500  X  are  visible  numerous  opaque  particles,  probably  those  of  mag- 
netite. 

No.  35  (Sp.  2136).  —  Amphibole  rock.  Upper  Twin  Falls.  Sec.  2,  T.  39,  R.  19, 
Wis. 

Light  green;  very  compact  aphanitic  texture.  Ck)nchoidal  fracture;  very  jointed  and 
rings  when  struck  with  the  hammer.  Diiseminated  in  the  rock  are  thin  scaly  patches 
of  pyrites.  Hardness  about  5.5.  Sp.  Gr.  3.06.  BB.  fuses  at  3.5  to  a  black  mag- 
netic bead.    Under  the  M.,  very  similar  to  No.  34. 

No.  36  (Sp.  2155).  —Amphibole  rock,    1840  N.,  103  W.,  Sec.  16,  T.  40,  R.  18,  Wis. 

Grayish  green;  fine  grained,  even  texture;  massive  and  jointed;  conchoidal  fracture. 
Weathers  to  a  greenish  drab.  Sp.  Gr.  3.06.  BB.  fuses  at  4.  to  a  blark  bead.  Under 
the  ^1.,  very  similar  to  No.  31. 

No.  37  (Sp.  2172).— Amphibole  rock.  525  N.,  300  W.,  Sec.  9,  T.  40,  R.  18, 
Wis. 

Dark  grayish  green.  Medium  grained,  indefinite  crystalline  texture.  Very  jointed 
and  somewhat  chloritic.     Ck)nchoidal  fracture.    Weathers  to  a  light  drab.    Hardness 
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about  5.    Sp.  Gr.  3.00.    No  effervescence  in  add.    BB.  fuses  at  4.  to  a  black  bead 
Under  the  M.  similar  to  No.  34. 

No.  38  (Sp.  2173).— Chloritic  amphibole  rock.  400  N.,  250  W.,  Sec  9,  T 
40,  B.  18,  Wis. 

Dark  grayish  green.  Fine  grained,  even  texture.  Under  the  loupe  it  appears  some- 
what arenaceous.  The  hand  specimen  is  very  jointed  and  apparently  schistose. 
Weathers  to  a  snuff  brown.  Hardness  3.4.  Sp.  Gr.  2.70.  No  effervescence  in  add. 
BB.  fuses  at  4.  to  a  black,  blebby  glass.  Under  the  M.  very  similar  to  No.  37,  only  it 
contains  more  chlorite. 

No.  89  (Sp.  2175).— ChloriUc  amphibole  rock.  300  N.,  200  W.,  Sec  9,  T. 
40,  B.  18,  Wis. 

Bright  grayish  green;  fine  grained,  even  texture;  uneven  fracture;  very  jointed. 
The  cleavage  planes  are  usually  covered  with  tiny  glistening  scales,  resemUing  those  of 
brown  biotite.  Coursing  through  the  specimen  is  a  narrow  grayish  dmsy  seam  of  lime 
and  quartz.  Hardness  4.5.  Sp.  Gr.  2.95.  BB.  fuses  at  4.  to  a  black  glass.  Under 
the  M.  very  similar  to  No.  35. 

No.  40  (Sp.  2171).—  Chloritic  amphibole  rock.  730  N.,  410  W.,  Sec.  9,  T.  40,  R. 
18,  Wis. 

Dark  green;  fine  grained,  somewhat  crystalline  texture.  Schistose  structure. 
Cleaves  readily  into  thick  plates.  The  sur&ice  is  slightly  pitted  and  the  jointing  planer 
across  the  lamination  are  finely  corrugated.  Hardness,  4.5.  Sp.  Gr.  3.00.  No 
effervescence  in  add.  BB.  fuses  at  4.  to  black  magnetic  bead.  Under  the  M.  it  presents 
a  confused  structure,  composed  of  more  or  less  fibrous  fragments  of  amphibole,  nnmer- 
ous  grains  of  quartz  and  a  few  fragments  of  feldspar.  With  a  power  of  500  X  can  be 
seen  scattered  among  the  dark  green  amphibole,  greenish  leaves  of  chlorite. 

No.  41  (Sp.  2177).— Chloritic  amphibole  rock.  1630  N.,  1450  W.,  Sec  15,  T.  40, 
R.  18,  Wis. 

Dull,  dark  grayish  green;  fine  grained  texture.  Jointed  and  somewhat  schistose 
structure.  On  some  of  the  splitting  planes  are  minute  brownish  scales  of  mica,  and  on 
schist- planes  are  small  light  gray  to  greenish  leaves  resembling  those  of  chlorite. 
Hardness  about  3.  BB.  fuses  at  4.  to  a  black  glass.  Under  the  M.,  apparently  a  chlo- 
ritic variety  of  No.  36. 

No.  42  (Sp.  2178).— Chloritic  amphibole  rock.  1630  N.,  1000  W.,  Sec.  15,  T.  40, 
R.  18,  Wis. 

Bright  grayish  green;  fine  grained,  even  texture.  Very  similar  on  fresh  fracture  to 
No.  «^.  Somewhat  schistose,  with  very  little  chlorite  on  deavage  planes.  Slightly 
jointed,  with  a  thin  coating  of  caldte  and  a  few  scattered  grains  of  copper  pyrites  in 
the  joints.  Hardness  4-5.  Sp.  Gr.  2.97.  BB.  fuses  at  4.  to  a  dark  green  glass.  Under 
the  M.  resembles  No.  36. 

Sp.  2180,  from  1900  N.,  0  W.,  Sec.  15,  T.  40,  R.  18,  Wis.,  is  very  similar  to  No.  42. 

No.  43  (Sp.  2198).— Actinolite  schist    1735  N.,  950  W.,  Sec.  34,  T.  40,  R.  17,  Wia. 

Grayish-green.  Fibrously  reticulated  structure.  The  small  slender  adcular  crystals 
of  actinolite  are  plainly  visible,  and  have  a  common  trend,  which  imparts  to  the  rock 
an  imperfect  schistose  structure. 

Uneven  jagged  fracture.  BB.  intumesces  briskly,  and  fuses  at  4.5  to  a  black  mass. 
Under  the  M.,  the  amphibole  appears  in  long  slender  crystal  fragments,  ail  of  which 
lie  nearly  in  the  same  direction.  Numerous  grains  of  quartz  are  contiuned,  which  are 
usually  grouped  in  bunches.  An  occasional  fragment  of  orthoclase  can  be  seen,  also 
fibrous,  bushy  clusters  of  viridite.  The  section  is  stained  in  spots  by  thin  films  <^ 
hydrated  oxide  of  iron. 

No.  44  (Sp.  2238).—  Actinolite  schist  1330  N.,  1050  W.,  Sec.  28,  T.  39,  R.  18,Wi8, 
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Silvery  greenish-gray.  Very  coarse,  fibrously  radiated  crystalline  texture.  The  fan- 
shaped  banches  of  actinolite  are  often  an  inch  or  more  in  length.  It  is  somewhat  de- 
composed and  has  a  talcy,  greasy  feeling.    On  cleavage  sm-faces  it  is  quite  soft. 

In  the  bed  the  entire  mass  was  very  soft  and  easily  cut  with  a  knife,  but  since  it  was 
collected,  it  has  dried  and  become  quite  hard.  BB.  fuses  at  4-5.  to  a  black,  metallic, 
magnetic  bead.    It  is  probable  that  it  is  partially  changed  into  viridite  and  chlorite. 

No.  46  (Sp.  2207).  —  Actinolite  schist    1370  N..  640  W.,  Sec.  22.  T.  39,  R.  17,  Wis. 

Dark  grayish-green;  fine  crystalline  texture.  Under  the  lens,  it  presents  a  closely 
woven  reticulated  mass.  The  majority  of  the  actinolite  crystals  have  a  common  trend, 
which  gives  the  i-ock  an  imperfect  schistose  structure.  Effervesces  briskly  in  acid  for  a 
moment. 

BB.  fuses  at  4.5  to  a  black  magnetic  glass. 

Under  the  M.  it  presents  a  fibrously  reticulated  mass.  In  the  plain  light  the  actino- 
lite has  a  very  pale  greenish  color,  and  with  the  polarizer  shows  but  little,  if  any,  dich- 
roism.  Between  the  +  nicols  is  visible  a  bushy,  colorless  mineral  resembling  talc, 
in  which  the  optical  bisectrix  and  crystallographic  axes  coincide.  A  few  grains  of  mag- 
netite can  be  seen. 

No.  46  (Sp.  2189).  — Anthophyllo-octinolite  schist  0  N.,  1075  W.,  Sec.  35,  T. 
40,  R.  17,  Wis. 

Pale  grayish-green;  fine  fibrous  structure.  The  acicular  ciystals  are  often  grouped 
in  radiated  bunches  so  common  to  anthophyllite.  Schistose  sbructiure,  cleaving  readily 
into  thick,  irre^lar  plates.  BB.  fuses  at  4.  with  intumescence  to  a  black,  blebby 
mass.  Under  the  M.,  it  presents  a  fibrously  reticulated  mass.  The  anthophyllite  is 
easily  recognized  by  the  parallelism  of  the  optic  bisectrix  and  crystal  axes.  The 
actinolite  is  readily  distinguished  from  the  anthophyllite  in  the  section,  by  the  inclina- 
tion of  the  optic  bisectrix  and  principal  crystal  axis,  provided  the  section  is  not  taken 
pendicular  to  the  symmetrical  plane  of  the  crystal.    (See  Rosen  bush,  263  and  307.) 

This  rock  resembles  very  much  the  anthophyllitic  schists  (XVII)  of  the  Michigamme 
series.  See  Spec.  58,  Mich.  State  C^U.,  VoL  II,  page  209,  which,  under  the  microscope, 
peris  seen  to  be  a  mixture  of  actinolite  and  anthophyllite. 

No.  47  (Sp.  2191).  —Ferruginous  actinolite  schist  1,200  N.,  140  W.,  Sec.  28, 
T.  40,  R.  17,  Wis. 

Banded  witli  light  green  and  buffish-white.  The  former  have  a  fibrous,  often 
radiated  structure;  the  latter  is  a  fine-grained,  arenaceous  quartz.  A  narrow  band 
of  the  actinolite  bordering  on  the  quartz  has  a  beautiful  silvery-gray  texture. 

The  cleavage  surfaces  are  sometimes  covered  with  a  lustrous  coating  of  a  hydrous 
oxide  of  iron.  Splits  readily  into  plates  from  one-eighth  to  an  inch  in  thickness.  BB. 
fuses  at  5  to  a  black  magnetic  mass. 

No.  48  (Sp.  2186).  —Magnetic  anthophyllo-actinolite  schist  400  N.,  500  W., 
Sec  25,  T.  40,  R.  17,  Wis. 

A  fresh  fracture  presents  the  different  shades  of  greenish-gray,  and  often  sparkles 
with  minute  facets  of  magnetite.  Fibrously  radiated  structure.  Somewhat  decom- 
posed.   Strongly  magnetic,  and  very  siliceous.    Under  the  M.,  very  similar  to  No.  46. 

No.  49  (Sp.  2240). — Magnetic  anthophyllo-actinolite  schist  1500  N.,  1050  W., 
Sec.  28,  T.  39,  R.  18,  Wis. 

Deep  green  tinged  with  purple.  Fine  reticulated  crystallme  texture.  The  purplish 
tint  is  due  to  the  partial  decomposition  of  the  fibrous  mineral  and  magnetite. 

Schistose  structure  cleaving  readily  into  corrugated  plates  of  variable  thicknesses.  Sp. 
Gr.  3.35.  No  effervescence  in  acid.  BB.  fuses  at  4.  Under  the  M.,  in  the  polarized 
light,  the  rock  appears  to  be  a  mixture  of  actinolite  and  anthophyllite,  the  former,  how- 
ever, predominating.  See  No.  46.  A  few  fragments  and  gnvms  of  garnets  are  con- 
tained. 
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No.  50  (Sp.  2203).  —  QoarCzy  actinoUte  schist.  1920  N.,  1150  W.,  Sec  22,  T.  39, 
R.  17,  Wis. 

Grayish-white  mixed  with  dark-green.  Fine-grained  and  somewhat  azenaoeoos;  doll 
vitreoQs  luster.  The  hands  or  layers  of  actinolite  are  apparently  mixed  with  chlorite. 
Under  the  lens  the  minute  fibrous  crystals  of  actinolite  are  easily  recc^^nized. 

BB.,  the  greenish  mineral,  fases  at  4.  to  a  magnetic  glass. 

N«.  5 1  (Sp.  2057).  —  HornbleDde  schist  1600  N.,  1400  W.,  Sec  16,  T.  38.  R.  20, 
Wis. 

Greenish-black  sprinkled  with  gray.  Very  fine-grained  crystalline  textmie.  Schistose 
structore  in  hand  specimen  not  very  apparent;  the  rock,  however,  in  place  is  deddedly 
so,  with  strong  bedding  planes,  and  is  traversed  by  irregular  veins  and  dykes  of  gnmite. 
BB.  fuses  at  4.5  to  dark-green  glass.  Under  the  M.  it  presents  a  pale-green,  slightlj 
dichroitic,  reticulated  mass  of  imperfect  acicular  cxystals  of  amphibole,  averaging  about 
1-300  of  an  inch  in  length.  In  the  polarized  light  can  be  recognized  numerous  grains 
of  quartz  which  are  angular  and  vaiy  greatly  in  size,  the  largest  measuring  not  more 
than  1-200  of  an  inch  across. 

No.  62  (Sp.  2129).  —  Hornblende  schist.  200  N.,  700  W.,  Sec.  8,  T.  38,  R.  20, 
Wis. 

Dark  grayish-green;  medium  to  fine-grained,  highly  crystalline  texture.  Obecnre 
schistose  structure.  Uneven  fracture,  that  has  a  rough,  raspy  feeL  The  surface 
sparkles  with  numerous  facets  of  amphibole.  Under  the  loupe  can  be  distinguished 
thickly  disseminated  in  the  base,  very  minute  grayish  grains,  probably  those  of  qaarti, 
as  the  specimen  scratches  feldspar.  Sp.  Gr.  3.05.  Feeble  effervescence  in  add.  BB. 
fuses  at  4.  to  a  black  glass. 

Under  the  M.,  between  the  -\-  nicols,  it  presents  a  very  pretty  field,  composed  princi- 
pally of  fragments  of  amphibole,  quartz  and  feldspar.  The  former  is  often  vp^u- 
ently  twinned,  and  is  in  excess  of  the  other  minerals;  the  latter,  the  feldspar,  is  usaallT 
striated. 

Sp.  2121,  from  175  N.,  700  W.,  Sec  8,  T.  38,  R.  20,  Wis. 

Sp.  2123,  from  2000  N.,  1870  W.,  Sec.  16,  T.  38,  R.  20,  Wis. 

Sp.  2124,  1000  N.,  1970  W.,  Sec.  15,  T.  38,  R.  20,  Wis. 

Are  all  very  similar  to  No.  52. 

No.  53  (Sp.  2125).  —  Chloiitic  hornblende  schist  1670  N.,  1000  W.,  Sec.  16,  T. 
38,  R.  20,  Wis. 

Grayish -green;  fine-grained,  arenaceous  texture.  Schistose  structore,  with  narrow 
grayish  quartz  bands.  It  is  possibly  an  altered  variety  of  No.  52.  Sp.  Gr.  2.95.  BB. 
fuses  at  3.5  to  a  black  glass. 

Under  the  M.,  in  the  polarized  light,  it  appears  to  be  a  fine-grained  aggregation  of 
irregular  shaped  fragments  of  amphibole,  chlorite,  quartz  and  feldspar.  The  amphi- 
bole is  very  pale  green,  and  is  only  slightly  dichroitic.  The  chlorite  la  perhaps  a  fih*Je 
lighter,  and  can  only  be  distinguished  from  the  amphiV>oIe  by  the  position  of  the  opt, 
bisectrix  to  the  principal  cryst.  axis.  The  grains  of  quartz  are  angular  and  qaite 
small.  The  feldspar  is  scattered  in  the  section  in  indistinct  frAgiuenta  that  are  aome^ 
what  altered. 

No.  54  (Sp.  2201).— Hornblende  schist.  1900  K.,  1050  W.,  Sec,  22,  T,  3&»!l 
17,  Wis. 

Dark  grrayish  green  thickly  sprinkled  with  grayL^sli  white;  fine  grained  testore. 
Schistose  structure;  the  cleavage  planes  being  often  sliirhtly  coiTugated.  Depoaifeed  in 
the  joints  are  bunches  and  layers  of  calcite.  The  finely  disseminated  aiaphibole  h  bflit4j 
visible  under  a  strong  lens ;  the  grains  of  quartz  are  more  easily  recognized.  The  speci- 
men has  a  rough  raspy  feel.  Sp;  Gr,  2.93.  Brisk  effervescenco  in  acid,  BB.  tas^ 
at  4.  to  a  black  glass.    Under  the  M.,  between  the  +  mcoh^  it  uppeara  to  be  aboat  m 
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equal  mixiare  of  dark  gnreen  ampbibole  and  qaarfcz;  an  occasional  grayish  fragment  of 
caicite  can  be  recognized,  also  numerous  minute  crystals  of  rutUe. 

Sp.  2226,  from  1250  N..  1000  W.,  Sec.  30,  T.  39,  R.  18,  Wis.,  resembles  No.  54. 

No.  55  (Sp.  2204).  —  Hornblende  schist.  1870  N.,  1200  W.,  Sec  22,  T.  89,  R. 
17,  Wis. 

Dark  grayish  green  with  grayish  white.  Medium  grained  oystalline  texture. 
Slightly  banded  schistose  structure.  The  bands  consist  of  grayish  white  arenaceous 
quartz  and  caicite,  with  bunches  of  bronze  colored  mica.  Associated  with  the  latter  are 
small  bright  crystals  of  tourmaline,  which  may  be  recognized  by  their  crystal  form  and 
deportment  with  flour  spar  and  bisulphate  of  potash.  Brisk  efl'ervescence  in  add.  BB. 
fuses  at  4.  to  a  black  magnetic  glass.  Under  the  M.,  between  the  +  nicols,  the  large 
crystal  fragments  of  amphibole  are  plainly  visible;  also  arenaceous  seams  of  quartz  and 
grayish  patches  of  caicite;  they  are  all  unevenly  distributed  in  parallel  layers. 

No.  56  (Sp.  2208).— Hornblende  schist.  1000  N.,  670  W.,  Sec.  22,  T.  39,  R.  17. 
Wis. 

Very  similar  to  No.  54.  Under  the  M.,  in  the  polarized  light,  it  appears  to  be  an  ag- 
gregation of  bushy  fragments  of  amphibole,  grains  of  quartz  and  an  occasional  frag- 
ment of  striated  feldspar.  The  amphibole  is  dark  green  and  strongly  dichroitic;  the 
quartz  grains  are  small  and  angular,  and  are  grouped  in  bunches.  They  have  a  limpid, 
slightly  chromatic  texture.    A  few  grains  of  magnetite  are  visible. 

No.  57  (Sp.  2209).— Hornblende  schist  1350  N.,  1500  W.,  Sec  26,  T.  39,  R. 
17,  Wis. 

Dark  grayish  green ;  fine  crystalline  texture,  slightly  banded  with  quartay  layers,  cleav- 
ing easily  mto  plates  about  one-eighth  of  an  mch  thick.  The  sur&ce  is  finely  corrugated 
and  has  a  silvery  gray  luster,  and  is  porphyritic  with  acicular  crystals  of  amphibole.  Sp. 
6r.  2.88.  No  effervescence  in  add.  BB.  fuses  at  4.  to  a  black  magnetic  bead.  Under 
the  M.  the  section  appears  to  consist  of  amphibole,  quartz  and  a  few  grains  of  magne- 
tite. The  amphibole  is  in  large  slender  fragments.  The  grains  of  quartz,  as  in  No.  56, 
appear  small  and  angular,  and  between  the  +  nicols  present  a  limpid  chromatic  texture. 

No.  58  (Sp.  2210).— Hornblende  slaty  schist  1200  N.,  950  W.,  Sec  30,  T.  39, 
R.  18,  Wis. 

Grayish-green;  even  crystalline,  somewhat  arenaceous  texture.  Under  the  loupe  the 
finely  disseminated  adcular  crystals  of  amphibole  are  plainly  visible.  Splits  readily  into 
even  plates  of  variable  thickness. 

The  cleavage  planes  are  often  covered  with  tiny  glistening  scales  of  yellow  mica,  and 
scattered  in  these  micaceous  layers  are  shining  jet  black  crystals  of  hornblende.  On  a 
fractured  edge  it  resembles  No.  54.  No  effervescence  in  add.  BB.  fuses  at  4.  to  a 
black  glass. 

No.  59  (Sp.  2219).— Hornblende  schist  1595  N.,  400  W.,  Sec  25,  T.  39,  R.  17, 
Wis. 

Dark  gray;  schistose  structure.  On  splitting  planes  are  minute  scales  of  mica. 
With  the  loupe  may  be  seen  several  cleavage  feicets  of  a  pale  greenish  amphibole;  also 
numerous  minute  grains  of  silica.  Weathers  to  a  light  drab.  No  effervescence  in  add. 
BB.  fuses  at  4.  to  a  black  magnetic  bead.  Under  the  M.,  in  the  polarized  light,  it 
presents  a  field  thickly  covered  with  long,  somewhat  bushy  fragments  of  amphibole. 
The  base  consists  of  small  angular  grains  of  quartz.  Scattered  in  the  sections  are  sev- 
eral opaque  grains  of  magnetite. 

No.  60  (Sp.  2217).— Quartzy  hornblende  schist  1525  N.,  400  W.,  Sec  26,  T. 
39,  R.  17,  Wis. 

Dark  grayish-green,  equally  mixed  with  grayish- white.  The  former  is  due  to  amphi- 
bole, and  the  latter  to  quartz  with  a  little  caldte.  Medium  grained  and  massive.  Con- 
choidal  fracture.    Somewhat  jointed.    With  the  lens  many  of  the  quartz  grains  present 
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a  bluish  tinge.  Sp.  Gr.  2.80.  Effervesces  briskly  in  acid  for  a  few  moments.  BB. 
fuses  at  4.  to  a  black  magnetic  bead.  Under  the  M.,  similar  to  No.  57,  onlj  it  cnntaiiw 
more  quartz. 

No.  61  (Sp.  2218).  — Qaartzy  hornblende  schist  1275  N.,  0  W.,  Sac  26,  T.  39, 
R.  17,  Wis. 

Grayish-white  mixed  with  gr»*enish-black.  Fine-grained,  arenaceous  texture.  The 
dark- green  mineral  or  substance  cannot  be  recognized  with  the  lens.  Numerous  ^boeti 
of  caldte  crystals  are  yisibb.  It  resembles  somewhat  No.  60.  Brisk  efferresooioe  in 
acid.  BB.  fuses  at  4.  to  a  magnetic  glass.  Under  the  M.  the  section  has  a  miczo- 
granular  texture,  compdsed  of  minute  grains  of  quartz,  which  average  not  more  tiuui 
1-1000  of  an  inch.  Strewn  in  this  base  are  numerous  fragments  of  amphibole  and 
several  leaves  of  biotite,  also  a  little  feldspar. 

With  a  power  of  500  X  can  be  seen  in  quartz  grains  several  fluid  inclusions. 

No.  62  (Sp.  2211).  —  Hornblende-gnciss.  500  N.,  1700  W.,  Sec.  27,  T.  39,  R.  17. 
Wis. 

Dark-gray  sprinkled  with  light-gray.  Bright  crystalline  texture  and  schistose  stnict- 
ure,  with  broadly  corrugated  planes. 

The  broad  corrugations  are  sub-corrugated  with  narrow  ribs.  On  the  splitting  planes 
are  numerous  tiny  bronze  colored  scales  of  mica.  Sp.  Gr.  2.93.  Feeble  effervescence  ia 
acid.  BB.  fuses  at  4.  to  a  magnetic  bead.  Under  the  M.,  between  the  +  nicols,  the 
amphibole  appears  to  form  about  one-half  the  entire  section. 

The  base  of  the  rock  is  composed  of  small  angular  fragments  of  feldspar  and  qnartx. 
The  former  are  often  striated  and  are  then  easily  recognized;  when  pLiin,  however,  aod 
rounded,  it  is  often  difficult  to  distinguish  the  quartz  from  the  feldspar.  A  few  brownish 
leaves  of  biotite  are  visible. 

No.  63  (Sp.  2229).— Hornblende  schist  1150  N.,  550  W.,  Sec  30,  T.  39,  R, 
18,  Wis. 

Dark  green,  with  seams  of  grayish-white,  coarse  semi-fibrous  structure.  The  amphi- 
lole  is  in  large,  slightly  fibrous  crystals,  that  are  often  bushy  and  bent  The  grayish- 
white  material  consists  of  lime;  easily  recognized  by  its  hardness  and  brisk  efferresoence 
in  acid.  Imperfect  schistose  structure.  Fracture  jagged  and  uneven.  Sp.  Gr.  3.00. 
BB.  fuses  at  4.  to  a  black  glass. 

No.  64  (Sp.  2230).— Hornblende  schist  1150  N.,  550  W..  Sec  30,  T.  39,  R.  18, 
Wis. 

Bright  grayish  green;  very  fine  grained.  Conchoidal  fracture.  The  jointing  stzr- 
faces  are  sometimes  covered  with  a  coating  of  lime.  Under  the  lens  it  presents  an 
arenaceous  texture,  and  numerous  minute  acicular  crystals  of  amphibole  can  be  recog- 
nized. Associated  with  the  caldte  are  often  grains  of  chalcopyrite.  BB.  foset  at 
4.  with  slight  intumescence  to  a  black  glass. 

No.  65  (Sp.  2183).  —  Hornblende  rock.    S.  E.  cor.  Sec.  35,  T.  40,  R.  17.  Wis. 

Greenish  black  sprinkled  with  light  gray;  very  coarse-grained  crystalline  texture. 
Massive  structure.  The  amphibole  crystals  are  quite  large,  some  of  them  being  over 
half  an  inch  across;  their  cleavage  planes  are  usudly  warped,  and  often  fibrous. 

But  very  little,  if  any,  feldspar  can  be  distinguished.  With  the  loupe  a  few  paiiklei 
of  pyrites  are  visible.  Sp.  Gr.  3.00.  No  effervescence  In  acid.  BB.  fuses  at  4.  to  a 
black  glass.  Under  the  M.  the  section  appears  to  consist  largely  of  amphibole,  inter- 
spersed in  a  feldspathic  quartzy  base.  The  amphibole  is  in  large  and  small  tegmenti; 
the  latter  are  thickly  strewn  in  the  base.  The  feldspar  (crthodase)  is  in  plain  cxyi- 
tals,  and  is  very  much  altered.  The  quartz  grains  are  angular  and  small.  Scattered 
in  the  section  are  several  dark  brown  leaves  of  biotite;  also  a  few  opaque  gimins  ot 
pyrite. 

8p.  2200,  from  1900  N.,  1000  W.,  Sec  22,  T.  39,  R.  17,  Wis.  Yeiy  nmikr  io 
No.  65  (Sp.  2188). 


Digitized  by 


Google 


LITHOLOGY.  703 

No.  66  (Sp.  2181). —Hornblende  rock.    1925  N..  0  W..  Sec.  15.  T.  40,  R.  18.  Wig. 

Grayish-gTeen;  mediam  grained  texture.  Massire  structure,  slightly  jointed.  Uneven, 
rough  fracture.  On  some  of  the  breaking  surfaces  are  patches  of  bronze  colored  mica. 
Disseminated  in  the  rock  is  apparently  considerable  chlorite.  A  few  cleavage  planes 
of  amphibolo  can  be  recognized.  Very  tough,  and  not  easily  broken.  Weathers  to  a 
light  drab.  Sp.  Gr.  2.97.  No  effervescence  in  acid.  BB.  fuses  with  intumescence  at 
4.  to  a  bhick,  slightly  magnetic  glass.  Under  the  M.,  in  the  polarized  light,  can  be 
seen  amphibole,  chlorite,  quartz,  biotite  and  orthodase.  The  amphibole  is  the  principal 
ingredient  and  greatly  exceeds  all  the  other  minerals  contained. 

Sp.  2167,  from  1040  N.,  470  W.,  Sec.  9,  T.  40,  R.  18.  Wis.    Very  similar  to  No.  66. 

No.  67  (Sp.  2199).  —Hornblende  rock.  750  N.,  923  W.,  Sec.  27,  T.  40,  R.  17, 
Wis. 

Grayish-green;  medium  grained  crystalline  texture.  The  cleavage  facets  of  the  am- 
phibole are  plainly  visible,  some  of  them  measuring  one-eighth  of  an  inch  in  length. 
Massive;  uneven  conchoidal  fracture.  Scattered  through  the  rock  are  particles  of  chal- 
copyrite.  No  effervescence  in  acid.  BB.  fuses  with  slight  intumescence  to  a  black 
glass. 

Under  the  M.,  the  large,  somewhat  bushy,  fragments  of  amphibole  are  easily  recog- 
nized, and  form  more  than  nine- tenths  of  the  rock.  Several  small,  angular  grains  of 
quartz  resembling  vein  quartz  are  contained,  also  an  amorphous  viridite  from  altered 
amphibole. 

No.  68  (Sp.  2212).  —Porphyritlc  hornblende  rock.>  1475  N.,  903  W.,  Sec  35, 
T.  40.  R.  17,  Wis. 

Grayish-black;  glistening.  The  base  has  an  aphanitic,  slightly  sparkling,  texture, 
and  is  porphyritic  with  numerous  black,  slender  crystals  of  hornblende,  measuring  about 
one-fourth  of  an  inch  in  length,  which  are  scattered  promiscuously  through  the  mass. 

Uneven,  conchoidal  fracture.  Massive  and  very  jointed.  In  the  joints  are  numer- 
ous, very  minute,  scales  of  bronze-colored  mica.  Weathers  to  a  light  greenish  drab. 
Hardness,  about  4.  Feeble  effervescence  in  acid.  BB.  fuses  at  4.  to  a  black  magnetic 
bead. 

Under  the  M.,  a  section  of  the  rock  is  seen  to  consist  of  amphibole,  quartz,  a  little 
magnetite  and  few  brownish  leaves  of  biotite.  The  amphibole  is  in  large,  slender 
ciystals. 

No.  69  (Sp.  2126).  —  Feldspathlc  hornblende  rock.  1500  N.,  500  W.,  Sec  7,  T. 
38,  R.  20,  Wis. 

Grayish- green ;  coarse-grained  crystalline  texture.  On  the  surface  may  be  seen  several 
facets  of  crystals,  resembling  those  of  augite.  The  amphibole  is  easily  recognized  on  a 
fresh  fracture  by  its  cleavage  planes. 

Scattered  through  the  specimen  are  patches  of  lime  and  bronze  colored  biotite.  BB. 
fuses  at  4.  to  a  black  glass.  Under  the  M.,  m  the  polarized  light,  may  be  recognized  the 
amphibole  feldspar,  quartz  and  brown  biotite;  also  a  little  chlorite.  The  amphibole  is 
in  broken  irregular  fragments.    The  orthodase  is  more  or  less  altered. 

Sp.  2127  from.  750  N.,  1250  W.,  Sec  7,  T.  38,  R.  20,  Wis.,  is  very  similar  to  No.  69. 

No.  70  (Sp.  2130).  — Hornblende  rock.  750  N.,  2000  W.,  Sec.  10,  T.  38,  R.  19, 
Wis. 

.  Greenish-black,  sprinkled  with  gray.  Coarse  crystalline  texture.  The  ajBtals  of 
amphibole  are  large  and  the  cleavage,  surfaces  are  usually  curved  or  bent  and  appear 
fibrous.    The  grayish-white  particles  of  silica  are  easily  recognized  under  the  loupe. 

1  Dr.  Arthar  Wichmann.  of  Leipzig,  hat  described  this  rock  m  a  hornblende  mica  schist.  There 
Is  probably  a  confoslonof  nambers  here.  These  specimens  were  collected  by  myself  firom  a 
low,  massive,  strongly  Jointed  ledge,  with  biotite  as  a  $§eondarif  product  deposited  in  the  JoinU. 

C.  B.  W. 
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Sp.  Gr.  3.03.  BB.  fuses  at  4.  to  a  black  magnetic  bead.  Under  tho  M.,  Teiy  similar  to 
No.  69. 

No.  71  (Sp.  2131).— Chloritic  hornblende  rock.  (Provisional.)  1200  N.,  1900 
W.,  Sec  20,  T.  39,  R.  19,  Wis. 

Dark  grayish-green;  indefinite  fine-gnuned  texture.  Somewhat  schistoae,  with  thin 
greenish  films  on  the  surface  of  the  cleavage  planes.  Under  the  lens  can  be  seen  dis- 
semmated  in  the  rock  considerable  chlorite,  and  coursing  through  it  are  grayish  teams 
of  lime.    BB.  fuses  at  4.  to  a  black  magnetic  bead. 

Under  the  M.,  in  the  polarized  light,  portions  of  the  section  present  a  voy  laetty 
field,  resembling  a  hornblende  schist;  others  are  interspersed  with  large  crystal  frag- 
ments of  orthoclase  feldspar.  The  amphibole,  quartz  and  feldspar  are  all  easily  recog- 
nized together  with  amorphic  chlorite  or  viridite. 

No.  72  (Sp.  2101).—  Altered  hornblende  rock.  1290  N.,  1964  W.,  Sec.  24,  T.  39, 
R.  30,  Mich. 

Grayish-green;  indefinite,  approaching  an  impalpable  texture.  Somewhat  schistose. 
Very  jointed.  The  fracture  is  unevenly  subconchoidal,  and  on  it  may  be  seen  numer- 
ous small  reddish  grains.  Hardness,  4-5.  No  effervescence  in  add.  BB.  fuses  at  4. 
to  a  black  glass. 

Under  the  M.,  the  partially  decomposed  bushy  fragments  of  amphibole  are  easOy 
recognized;  some  of  them  are  apparently  twin  crystals.  0>n8iderable  chlorite  is  con- 
tained, also  several  grains  of  quartz,  and  irrefirular  patches  of  viridite. 

No.  73  (Sp.  2174).  —  Altered  hornblende  rock.  1230  N.,  100  W.,  Sec  13,  T.  41. 
R.  32,  Mich. 

Dark  gray  with  a  slight  tinge  of  pink;  fine  to  medium  grained  texture.  Under  the 
lens  only  an  occasional  crystal  facet  is  visible.  Dull,  semi-vitreous  luster.  Uneven 
fracture;  on  some  of  the  breaking  surfaces  is  a  thin  calcareous  coating.  BB.  fuses  at 
4.5  to  a  black  glass.  Under  the  M. ,  it  appears  very  much  altered  and  has  a  dirty  brownie h 
texture.  Between  +  nicols  can  be  recognized  a  few  fibrous  fragments  of  amphibole, 
grains  of  quartz  and  several  grayish  patches  of  lime.  With  a  power  500  X  can  be  Feen 
the  pale  greenish  viridite  and  an  occasional  brownish  scale  of  biotite. 

Greenstones. 

No.  74  (Sp.  2072). —Diabase.    600  N.,  250  W.,  Sec.  12.  T.  33.  R.  19.  Wis. 

Dark  grayish  green.  Fine  grained  ciystalline  texture.  An  occasional  large  aystal  of 
striated  feldspar  is  contained.  The  fracture  has  a  rough,  raspy  feel.  The  hand  speci- 
men resembles  very  much  a  hornblende-schist  With  a  strong  lens  numerous  minote 
crystal  facets  are  visible.  WeaUiers  slightly  to  a  dirty  drab.  Sp.  Gr.  2.92.  Yeiy  hard 
and  tough.  BB.  fuses  at  4.5  to  a  black  bead.  Under  the  M.,  in  the  polarized  light,  it 
presents  a  very  pretty  chromatic  field.  The  feldspar  is  in  slender  twin  oystals.  The 
augite,  readily  distinguished  from  amphibole  ^  by  its  non-dichroism,  complimentary 
colors,  and  position  of  the  optic  bisectrix  to  the  principal  crystal  axis,  appears  to  have 
been  formed  after  the  feldspar,  as  it  encloses  numerous  feldspar  crystals. 

No.  75  (Sp.  2114).— Diorite.    700  N.,  2000  W.,  Sec  10,  T.  38,  R.  20,  Wis. 

Dark  green,  mixed  with  light  green;  coarse  grained,  massive,  uneven  oonch<ttdal  frac- 
ture. On  the  surface  may  be  seen  numerous  facets  of  amphibole  crystals  and  small, 
white  grains  (feldspar).  Sp.  Gr.  2.91.  Feeble  effervescence  in  acid.  BB.  fuses  at  5.. 
with  brisk  intumescence,  to  a  blebby  glass.  Under  the  M.,  the  section  in  the  pdariaed 
light  appears  to  have  a  coarse  crystalline  texture,  composed  of  triclinio  feldspar  and  a 
very  pale  greenish  amphibole.  The  latter  is  somewhat  fibrous.  There  is  a  grayish  sab. 
stance  contained,  probably  due  to  the  decomposition  of  the  feldspar. 

*  See  Ttchermak.  Akademie  der  Wittentchafteo.  Jane,  1880. 
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No.  76  (Sp.  2116).— Diorite.    1630  N.,  1430  W.,  Sec  15,  T.  38,  B.  20,  Wis. 

Dark  green,  motUed  with  light  green  and  grayish  white.  Coarse  grained,  crystalline 
texture.  Jointed  and  massive.  The  cleavage  facets  of  the  amphibole  are  easily  recog- 
nized. The  feldspar,  as  in  No.  75,  appears  in  whitish  grains.  Under  the  lens  an  occa- 
sional particle  of  chalcopyrite  is  visible.  Sp.  6r.  3.00.  BB.,  some  portions  fuse  with 
brisk  intumescence. . 

Sp.  2268,  from  Sturgeon  Falls,  Sec.  27,  T.  39,  R.  29,  Mich.,  is  very  similar  to  No.  76. 

No.  77  (Sp.  2265).  —  Diorite.  Sturgeon  Falls,  1610  N.,  460  W.,  Sec.  27,  T.  39,  R. 
29,  Mich. 

Dark  green,  mottled  with  grayish- white;  coarse-grained  texture;  massive  structure. 
The  amphibole  is  easily  recognized  with  the  lens;  also  minute  particles  of  iron  pyrites. 
The  grayish-white  mineral  is  quite  hard,  and  cannot  be  scratched  with  the  knife;  it  has 
an  uneven  fracture,  showing  but  htUe  if  any  signs  of  cleavage.  Sp.  Gr.  3.08.  BB. 
white  mineral  fuses  at  5.  Under  the  M.,  between  the  +  nicols,  the  section  appears  to 
consist  chiefly  of  amphibole  and  feldspar.  The  latter  is  very  much  altered,  and  often 
not  easily  recognized.  The  amphibole  is  in  small,  irregular  fragments,  that  are  usuaUy 
grouped  in  bunches. 

No.  78  (Sp.  2113).  —  Diorite.    800  N.,  100  W.,  Sec.  15,  T.  39,  R.  30.  Mich. 

Dark  green,  mixed  with  light  green  and  gray;  medium-grained  texture.  Some  of 
t)ie  amphibole  crystals  are  quite  large.  The  feldspar  forms  apparently  the  base  of  the 
rock.  Coursing  through  the  rock  are  seams  of  calcite,  and  scattered  in  these  are  minute 
silvery-white  scales  (probably  talc),  which  give  the  [calcite  the  appearance  of  diwlino. 
A  few  specks  of  chalcopyrite  can  be  distinguished  with  the  lens.  Sp.  Gr.  2.88.  BB. 
fuses  at  4.  to  a  black  glass. 

No.  79  (Sp.  2109).—  Diorite.    100  N..  0  W.,  Sec.  13,  T.  39,  R.  30,  Mich. 

Greenish  gray,  mottled  with  light  to  dark  green.  The  former,  the  ground-mass,  is 
apparently  feldspathic.  The  latter,  the  amphibole,  is  rather  coarse  grained.  The 
weathered  surface  is  grayish  white  and  porphyritic,  with  partially  decomposed  crystals 
of  amphibole.  Massive  and  jointed.  Sp.  Gr.  3.00.  Brisk  effervescence  in  acid.  BB. 
fuses  at  4.5  to  a  grayish  glass.  Under  the  M.,  the  rock  has  an  altered  appearance. 
The  amphibole  is  easily  recognized,  but  the  feldspar  is  very  much  changed;  in  some  in- 
stances only  a  grajrish  mass  remains,  which  blends  imperceptibly  into  the  base,  thereby 
blurring  the  outlines  of  the  crystal. 

No.  80  (Sp.  2112).—  Diorite.    500  N.,  1500  W.,  Sec  14,  T.  39,  R.  30,  Mich. 

Dark  green;  fine  grained  crystalline  texture.  Jointed,  with  chlorite  in  the  se&ms. 
Disseminated  in  the  rock  are  specks  of  iron  and  copper  pyrites.  Only  an  occasional 
crystal  facet  can  be  seen.  Hardness  about  5.  Sp.  Gr.  2.90.  Feeble  effervescence  in 
acid.  BB.  fuses  at  4.  to  a  black  glass.  Under  the  M.,  in  the  polarized  light,  the  feldspar 
and  amphibole  are  easily  recognized.  The  feldspar  crystals  are  striated  and  often 
appear  quite  large.  The  amphibole  is  usually  in  fragments,  that  are  sometimes  very 
small;  the  smaller  ones  being  scattered  through  the  entire  section.  The  rock  is  some- 
what changed. 

Sp.  2122,  from  2000  N.,  900  W.,  Sec.  8,  T.  38,  R.  20,  Wis.,  resembles  No.  80. 

No.  81  (Sp.  2104).  —  Diorite.    1316  N.,  1960  W.,  Sec.  24,  T.  39,  R.  30,  Mich. 

Light-green;  fine-grained  texture.  Uneven  fracture  and  very  jomted.  On  the  sur- 
face can  be  seen  numerous  cubes  of  pyrite,  also  thin  films  or  minute  scales  of  hema- 
tite. Weathers  to  a  pale-green.  Hardness  about  4.  Sp.  Gr.  2.85.  Slight  effervescence 
in  acid.  BB.  fuses  at  4.  to  a  black  glass.  Under  the  M.,  the  amphibole  presents  a 
bushy  structure.  The  feldspar  is  in  large  fragments.  The  former,  however,  is  largely  in 
excess  of  the  latter.  Considerable  chlorite  is  disseminated  in  the  section;  also  a  few 
grains  of  quartz  and  an  occasional  small,  gr^jish  patch  of  lime. 
Vol.  hi.— 45 
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No.  82  (Sp.  2070).  —  Porpbyritio  diorite.  Big  Quiimeaec  Falls.  N.  W.  qr.,  Sec  8, 
T.  39,  R.  80,  Mich. 

Grayish-green;  porphyritic  with  large  grayish  to  greenish-white  oystalB  of  Iddspar, 
which  have  a  very  indistinct  cleavage.  Cannot  be  scratched  with  the  knife,  and  fosei 
at  4.5-5.  The  crystals  are  large,  many  of  them  measuring  an  inch  in  length.  In  the 
greenish  base  may  be  distinguished  numerous  facets  of  pale-green  amphibole.  A  nxj 
little  chalcopyrite  is  contained.  Sp.  Gr.  2.95.  Slight  effervescence  in  acid.  BB.,  the 
biee,  fuses  at  4.  to  a  dark-green  glass. 

No.  83  (Spec  2182).— Diorite.*    760  N.,  1375  W.,  Sec.  17,  T.  41,  R.  31.  MiA. 

Grayish-black;  fine-grained  texture.  The  surface  is  porphyritic  with  a  few  deader 
ciystals.  Ma^ve  structure.  Uneven  fracture.  Weathers  to  an  ash-brown  color.  Sp. 
Gr.  2.80.  BB.  fuses  at  4.  to  a  black  magnetic  bead.  Under  the  M.,  the  ami^bole  is 
in  small  fibrous  fragments,  and  forms  apparently  the  base  of  the  rock.  It  is  somewhat 
decomposed  and  is  yellowish-brown.  Scattered  in  the  base  are  several  large  twin  ays- 
tals  of  feldspar,  that  often  enclose  numerous  bright  green  leaves  resembling  chlorite. 

No.  84  (Sp.  2069).—  Altered  diorite.  (Provisional).  Big  Quinnesec  FaUs,  N.  W. 
qr.  Sec  8,  T.  39,  R.  30,  Mich. 

Dark  grayish-green;  fine-grained  texture.  Uneven,  rough,  jagged  fracture.  Scat- 
tered in  the  rock  are  numerous  glassy  grains  of  quartz,  some  of  which  are  nearly  one- 
fourth  of  an  inch  across.  A  few  crystals  of  feldspar  may  be  recognized;  some  of  them 
are  very  indistinct  and  are  quite  large,  measuring  three-eighths  of  an  inch  in  length. 
Very  jointed.    BB.  fuses  at  4.  to  a  white,  blebby  glass. 

Under  the  M.,  it  presents  a  gray  crystalhne  base,  interspersed  with  crystals  of  fdd- 
spar,  more  or  less  decomposed,  and  large  rounded  grams  of  quartz  that  enclose  appar 
ently  portions  of  the  base,  reminding  one  of  quartz  contained  in  some  of  the  volcanic 
rocks.  But  little  amphibole  is  contained  and  that  is  mostly  changed  into  viridite  or 
chlorite.  Disseminated  in  the  base  and  feldspar  crystals,  are  fibrous  particles  of 
viridite. 

No.  85  (Sp.  2062).  — Altered  diorite.  (Prov.)  LitUe  Quinnesec  Falls.  1125  N.,  25 
W.,  Sec.  15,  T.  39,  B.  30,  Mich. 

Greenish,  mottled  with  grayish-white.  Medium  crystalline  texture  and  massife 
structure.  Interspersed  in  it  are  small  silvery  scales  resembling  talc.  Sp.  Gr.  2.88. 
BB.  fuses  at  5.  to  a  white  enamel.  Effervesces  slightly  in  cold  add,  but  briskly  in 
hot  acid,  continuing  for  some  time.  The  solution  contains  only  a  trace  of  magnesia. 
Under  the  M.,  in  the  polarized  light,  the  section  at  first  glance  resembles  No.  134.  It 
has,  however,  a  varied  structure,  some  portions  present  a  fine  micro-granolar  texture, 
composed  apparently  of  small  grains  of  silica;  others  are  bushy,  and  appear  to  be  of 
fibrous  fragments  of  chlorite  or  talc,  and  actinolite;  the  former  seemingly  derived  from 
the  decomposition  of  the  latter  and  the  several  fragments  of  highly  altered  feldspar 
that  are  scattered  in  the  section.  Strewn  through  the  entire  base  are  numerous  grayiih 
patches  of  lime.    Their  presence  may  be  due  to  the  change  of  amphibole. 

No.  86  (Sp.  2079).  —  Altered  diorite  or  diabase.  S.  E.  cor.  Sec  9,  T.  40,  B.  30, 
Mich. 

Grayish-green;  fine-grained  texture,  often  shimmering  with  minute  scales  of  chlorite. 
Massive  and  somewhat  jointed.  On  a  fresh  fracture  may  be  seen  with  the  lens  numer- 
ous small  warty-like  projections.  Sp.  Gr.  2.89.  Slight  effervescence  in  add.  BB. 
fuses  at  3.5  to  a  black  glass.  Under  the  M.,  between  the  +  nicols,  the  base  ptesenis 
nearly  a  dark  field,  thickly  strewn  with  slender  twin-crystals  of  feldspar.    The  base  is 

>  Here  is  evidently  another  confasion  of  numbers.  Dr.  Wichmann^s  2183  is  described  u  a  mks- 
ceoQS  hornblende-schist  The  rocks  of  this  locality  are  massive  and  the  oatcropa  are  Urge.  See 
No.  90  (2149),  Jast  east  of  here  on  the  Wisconsin  side  of  the  river. 
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apparently  chloritic,  and  a  few  pale-greenish  fragments,  in  which  the  crystal  axis  and 
optic  bisectrix  coincide,  woold  seem  to  confirm  this.  A  few  fragments  resembling  those 
of  amphibole  are  contained.  With  a  power  of  500  X  the  base  appears  composed  largely 
of  small  pale-greenish  leaves  resembling  those  of  chlorite.  Their  remaining  dark  or 
nearly  so  with  the  crossed  nicols,  is  owing,  perhaps,  to  their  thinness. 

No.  87  (Sp.  2133).— Altered  dioritc.  1720  N.,  1600  W.,  Sec.  13,  T.  40,  R.  31, 
Mich. 

Light  green;  between  medium  and  fine  grained.  Very  jointed,  cleaving  into  irregu- 
lar shaped  rhombs.  Somewhat  schistose,  with  caldte  in  the  cleavage  planes.  With  a 
strong  lens  the  amphibole  may  be  recognized.  Under  the  M.,  the  rock  appears  very 
much  altered.  The  amphibole  is  easily  recognized;  but  the  feldspar  is  very  indistinct 
and  cannot  usually  be  distinguished. 

No.  88  (Sp.  2119).— Hornblende-diorite.  1100  N.,  2000  W.,  Sec.  8,  T.  38,  R.  20, 
Wis. 

Dark  green;  medium  grained  crystalline  texture.  Massive.  Numerous  crystal  facets 
of  amphibole  are  visible,  also  an  occasional  one  of  feldspar;  some  of  the  latter  are  one- 
fourth  of  an  inch  across.  With  the  loupe  can  be  recognized  considerable  chlorite.  Sp. 
Gr.  3.04.  BB.  fuses  at  3.5  to  a  black  glass.  Under  the  M.,  it  presents  a  greenish  field 
composed  largely  of  amphibole;  but  vexy  little  feldspar  is  contained.  A  few  opaque 
gruns  of  magnetite  may  be  seen. 

No.  89  (Sp.  2105).— Hornblende-diorite.  13C0  N.,  1964  W.,  Sec.  14,  T.  39,  R.  80, 
Mich. 

Dark  green;  coarse  grained  texture.  Uneven,  rough  fracture.  Massive.  Dissemi- 
nated in  the  specimen  are  numerous  grains  of  magnetite.  BB.  fuses  at  3.5  to  a  black 
magnetic  glass^  Under  the  M.,  the  section  presents  a  light  green  texture,  with  several 
opaque  grains  of  magnetite.  The  green  mineral,  amphibole,  has  a  fibrous,  bushy  struct- 
ure, and  is  mixed  with  a  littie  chlorite.  In  the  polarized  light  can  be  recognized  a  few 
apparently  twin  ciystals  of  amphibole,  also  fragments  of  feldspar. 

Sp.  2107,  from  1200  N.,  40  W.,  Sec.  15,  T.  39.  R.  30,  Mich.,  is  very  similar  to  No.  89. 

No.  90  (Sp.  2149).— Chloritic  hornblende-diorite.  1700  N.,  0  W.,  Sec.  14,  T.  40, 
R.  18,  Wis. 

Grayish  green;  coarse  grained,  crystalline  texture.  Rough,  sub-conchoidal  fracture. 
On  the  surface  are  plainly  visible  numerous  crystal  facets  of  amphibole.  Disseminated 
in  the  [mass  are  several  specks  of  chalcopyrite.  BB.  fuses  at  4.  to  a  black  bead. 
Under  the  M.,  in  the  polarized  light,  the  large  fragments  of  amphibole  are  easily  recog- 
nized. The  feldspar  is  mostiy  striated,  and  is  in  small  fragments.  A  large  amount  of 
very  pale  greenish  chlorite  is  contained. 

Sp.  2150,  from  1475  N.,  1475  W.,  Sec.  20,  T.  40,  R.  19,5Wi3.,  is  very  similar  to  No.  90. 

No.  91  (Sp.  2051). —Chloritic  diorite.  (Prov.)  1450  N.,  800  W.,  Sec.  23,  T.  38, 
R.  20,  Wis. 

The  base  is  greenish-black.  A  fresh  fracture  often  shimmers  with  greenbh  to  bronze 
colored  chlorite,  which  is  usually  fibrous,  resembling  somewhat  asbestus.  Its  fusibility 
and  yielding  water  in  the  matrass  distinguishes  it  from  the  latter  mineral.  Coursing 
through  the  rock  in  every  direction  are  narrow,  grayish,  calcareous  seams.  Examined 
on  the  edge  across  the  bedding,  the  fracture  appears  thickly  dotted  with  small,  green- 
ish-gray spots,  having  a  hardness  of  4.-^.,  while  the  base  of  the  rock  has  a  hardness  of 
about  4.  A  few  bright  black  grains  of  magnetite  can  be  recognized.  BB.  fusibility,  5. 
Under  the  M.,  the  amphibole  and  chlorite  present  a  pale  greenish  texture;  the  former 
is  only  slightiy  dichroitic,  which  renders  it  difficult  to  distinguish  it  by  this  test  The 
relation  of  the  optic  bisectrix  to  the  crystal  axis  (as  is  well  known)  readily  separates  the 
two  minerals.  The  base  has  a  grayish  cast,  and  is  somewhat  fringy.  In  the  polarized 
light  can  be  seen  several  highly  altered  fragments  of  triclinic  Mdspar. 
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No.  92  (Sp.  2118).  —  Chloritic  diorite.  0  N.,  1160  W.,  Sec  10,  T.  33.  R.  20,  Wit. 
Dark  grayish-green;  even,  fine-grained  texture.  Jointed  and  apparently  schistose.  * 
In  the  joints  are  thin  films  of  chlorite.  Hardness  about  4.  No  efierrescence  in  acid. 
BB.  fuses  at  4.5  to  a  black  glass.  Under  the  M.,  in  polarized  light,  the  rock  presents  a 
very  altered  appearance.  The  feldspar  is  apparently  the  least  changed  of  the  essential 
ingredients.  The  outlines  of  the  large  fragments  of  feldspar  can  be  plainly  seen;  the 
feldspathic  filling,  however,  is  in  small,  broken  fragments.  The  amphibole  occurs  as 
irregular,  bushy  fragments,  but  is  easily  recognized.  Scattered  in  the  sectioii  are 
large,  nearly  amorphous,  patches  of  viridite. 

No.  93  (Sp.  2063).  — Chloritic  diorite.  1080  N.,  350  W.,  Sec  15,  T.  39,  R.  SO, 
Mich. 

Light-green,  mottled  with  greenish-white.  Indistinct,  medium-grained  texture. 
Somewhat  schistose.  Hardness  4-5.  Disseminated  in  the  rock  is  considerable  cakaie, 
which  may  be  recognized  under  the  loupe  or  by  its  brisk  effervescence  in  add.  BB. 
fuses  at  4.5  to  a  green  glass.  Under  the  M.,  between  the  +  niodLs,  the  sectioin  la^ 
sents  an  indistinct,  bushy  appearance.  A  few  shadowy  outlines  of  large  fragments  of 
monodinic  fddspar  can  be  seen.  The  small  leaves  of  chlorite  cnr  talc  are  not  easilj 
recognized.  With  a  power  of  500  X  the  small  pale-greenish  leaves  are  plainly  visible. 
Several  small  grayish  patches  of  Ume  are  strewn  in  the  section. 

No.  94  (Sp.  2052).  —  Chloritic  schist    1200  N.,  150  W.,  Sec  24,  T.  39,  R.  30,  ICch. 

Grayish-green;  very  fine-grained  texture;  schistose  structure.  On  some  of  the  dear- 
age  planes  are  thin  films  of  caldte.    Weathers  to  a  greenish  drab. 

The  weathered  surface  appears  to  the  unaided  eye  as  if  it  were  finely  dotted  with 
small  holes,  not  more  than  one-eightieth  of  an  inch  across.  Under  a  strong  lens,  how- 
ever, it  presents  a  surface  minutely  sprinkled  with  brownish-black  specks.  A  weathered 
edge  of  the  rock  shows  plainly  the  schistose  structure.  Brisk  effervescence  in  add.  BB. 
fuses  at  4.  to  a  dark  green  glass.  Under  the  M.,  it  presents  a  somewhat  bushy  stnictare, 
composed  chiefly  of  chlorite,  with  a  little  fibrous  amphibole.  Scattered  in  the  sectioii 
are  several  nearly  opaque  grayish  spots.  The  specimen  is  evidently  partially  decom- 
posed. 

No.  95  (Sp.  2053).— Chloritic  schist.  1175  N.,  150  W.,  Sec.  24,  T.  39,  R,  30, 
Mich. 

Light  green.  Weathers  greenish  to  brownish  drab.  Schistose  structure.  The  cleav- 
age surface  appears  broadly  corrugated,  and  is  minutely  specked  with  grains  of  magne- 
tite, very  similar  in  appearance  to  2052.  Hardness,  2-3.  BB.  fuses  at  4.  to  a  dark 
green  glass. 

No.  96  (Sp.  2164).— Chloritic  schist    75  N.,  400  W.,  Sec.  12,  T.  41,  R.  32,  Mich. 

Dark  drabish  green.  Slaty  texture  and  shining  luster.  Cleaves  readily  into  x^ates^ 
that  are  straight  in  one  direction,  but  across  this  line  it  has  an  indifferent  deavage  and 
is  finely  and  fibrously  corrugated.  No  effervescence  in  add.  BB.  fuses  at  4.5  (o  a 
magnetic  bead. 

Sp.  2165,  from  1950  N.,  450  W.,  Sec.  13,  T.  41,  R.  32,  Mich.,  is  veiy  similar  to  No.  96, 

Sp.  2168,  from  900  N.,  450  W.,  Sec.  9,  T.  40,  R.  18,  Wis.,  is  very  simihir  to  No.  96, 
only  it  is  somewhat  slaty  in  structure. 

No.  97  (Sp.  2183). —Chloritic  schist    250  N.,  0  W.,  Sec.  31,  T.  40,  R.  18,  Wis, 

Bright  greenish  black.  Fine  grained  texture  and  steely  luster.  Cleaves  readily  into 
plates  about  one-eighth  of  an  inch  thick.  On  splitting  planes  it  is  brownish  red.  Streak 
powder  dark  green.  With  the  lens  may  be  seen  a  few  octahedrons  of  magnetite. 
Hardness  about  3.    BB.  fuses  at  4.  with  intumescence  to  a  black  magnetic  glass. 

No.  98  (Sp.  2108).— Chloritic  schist  1180  N.,  100  W.,  Sec.  15,  T.  39,  R.  30, 
Mich. 

Very  dark  green,  banded  with  seams  of  gray  quartz,  that  are  often  parallel  with  the 
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lamination  of  the  schist.  Impalpable  texture.  Schistose  stracture;  on  cleavage  shin- 
ing. Examined  on  the  edge  can  be  seen  in  the  chloritic  laminse,  numerous  small  specks 
of  iron  pyrites.  Feeble  effervescence  in  acid.  Hardness  about  3.  BB.  fuses  at  4.  to  a 
Uack  magnetic  bead. 

No.  99  (Sp.  2078).  —  CbloriUc  schist  Four  Foot  Falls.  200  N.,  760  W.,  Sec.  11, 
T.  39,  R.  19,  Wis. 

Dark  green;  even,  aphanitic  texture,  and  somewhat  schistose  structure.  Strongly  and 
irregulanly  jointed.  Hardness  about  3.5.  Slight  effervescence  in  acid.  BB.  fuses  at 
3.5  to  a  blade  glass. 

No.  MO  (Sp.  2056).— Chloritic  schist.  900  N.,  800  W.,  Sec  24,  T.  39.  R.  30, 
Mich. 

Greenish  to  ash-gray,  mottled  with  brownish  spots.  On  a  fresh  fracture  can  be  seen, 
under  a  strong  lens,  small  pinkish  grains.  The  schistose  structure  is  rather  imperfect; 
somewhat  jointed.  No  effervescence  in  acid.  BB.  fuses  at  5.  to  bottle  green  glass. 
The  rock  is  apparentiy  a  greenstone  ash. 

No.  101  (Sp.  2100).— Chloritic  schist.  Sand  Portage.  1275  N.,  1960  W.,  Sec. 
24,  T.  39,  R.  30,  Mich. 

Dark  pea  green;  even,  impalpable  texture.  SchL<tto6e  structure  not  very  apparent. 
Fracture  more  or  less  indifferent,  and  often  conchoidal.  Coursing  through  the  speci- 
men is  a  seam  of  pinkish  dolomite  nearly  one-eighth  of  an  inch  wide.  Hardness 
about  2.5.  BB.  fuses  at 4.5  to  a  dark  green  glass.  Under  the  M.,  it  presents  a  fibrous, 
somewhat  bushy  appearance,  interspersed  with  a  few  angular  grains  of  quartz  and  an 
occasional  patch  of  lime.  The  bushy  mineral  is  evidentiy  chlorite  or  viridite,  and  is 
apparentiy  altered  actinolite.  A  few  opaque  grains  are  visible,  some  of  which  trans- 
mit a  reddish  light.    They  are  probably  those  of  hematite. 

No.  102  (Sp.  2102). -Chloritic  schist  1300  N.,  1970  W.,  Sec.  24,  T.  39,  R.  30, 
Mich. 

Grayish-green  to  ash  color.  Impalpable  texture  and  irregular  schistose  structure. 
On  the  edge  and  weathered  surface  may  be  seen  numerous  reddish  grains.  Coursing 
through  the  specimen  are  seams  filled  with  white  quartz.  Hardness,  3.-4.  No  effer- 
vescence in  acid.  BB.  fuses  at  4.  to  a  bhick  glass.  The  rock  Is  probably  a  green- 
stone ash. 

No.  103  (Sp.  2110).  — Chloritic  schist  1125  N.,  200  W.,  Sec  15,  T.  39.  R.  30, 
Mich. 

Dark  green.  Examined  with  the  loupe,  it  appears  to  be  an  aggregation  of  minute 
scales  of  chlorite.  Warped  schistose  structure.  On  cleavage  surfaces  often  can  be  seen 
silver-gray  talcy  scales.  Coursing  through  it  are  seams  of  calcite  and  quartz;  also 
numerous  particles  of  chalcopyrite.  Streak  powder  dark  green.  Hardness  about  3. 
BB.  fuses  at  4.5  to  a  black  magnetic  bead. 

No.  104  (Sp.  2141).— CbloriUc  schist  200  N.,  1500  W.,  Sec.  22,  T.  40,  R.  19, 
Wis. 

Dark  grayish-green;  aphanitic  texture.  Irregular  schistose  structure.  Under  a 
strong  loupe  can  be  seen  numerous  minute  grayish  grains  of  silica.  Hardness  about  3. 
No  effervescence  in  acid.    BB.  fuses  at  5.  to  a  black  magnetic  enamel. 

No.  105  (Sp.  2106).  — Chloritic  schist  1240  N.,  63  W.,  Sec.  15,  T.  39,  R.  30, 
Mich. 

Very  dark  green;  aphanitic,  somewhat  vitreous  texture.  Irregular  schistose  struct- 
ure. Scattered  through  the  rock  are  numerous  grains  of  magnetite.  On  the  cleavage 
surface  are  a  few  knotty  projections,  resembling  those  of  black  garnet,  or  possibly 
altered  magnetite.    Hardness  about  3.    BB.  fuses  at  4.5  to  a  black  magnetic  be^. 

No.  106  (Sp.  2148)  — Chloritic  shity-schist  Michigamme  Falls.  1700  N.,  1600 
W.,  Sec  16,  T.  41,  R.  31,  Mich. 
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Greenifih  ash  color;  shimmering  texture,  tlaiy  schistose  stmctare.  With  the  loope 
can  be  seen  on  the  edge  considerable  silica,  and  on  cleavage  planes  minate  bfoue- 
colored  scales  of  mica.  Hardness  aboat  3.  No  effenresoence  in  acid.  BB.  fuses  ai 
4.5  to  a  gray  glass.  Under  the  M.  it  appears  arenacoofis.  The  greenish  leares  oC 
chlorite  are  easily  recognized,  also  brownish  ones  of  mica. 

No.  107  (Sp.  2065).—  Femiginoiis  chloritic  slaty-schist  S.  E.  qr.  of  S.  £.  qr. 
Sec  82,  T.  40,  R.  90,  Mich. 

Dark  brownish;  aphanitic  texture;  slaty  structure,  splitting  into  thick  {dates;  sticak 
powder  light  brownish  red;  very  siliceous  and  somewhat  decomposed.  Hardness  about 
2.5.    No  effervescence  in  add.    BB.  fuses  at  4.  to  a  black  magnetic  bead. 

No.  108  (Sp.  2236).—  Micaceous  chloritic  slaty-schist  1400  N.,  1550  W..  Sec 
28.  T.  39.  R.  18,  Wis. 

Bright,  dark-grayish  green;  aphanitic  texture;  slightly  shimmering  luster  on  dtti* 
age  planes;  splits  readily  into  plates  from  one-eighth  to  more  than  an  indi  in 
thickness.  Scattered  through  the  specimen  are  numerous  bronze-colored  to  Uick 
scales  of  mica.  To  the  knife  edge  it  has  an  arenaceous  feel,  and  the  hanbessii 
about  3.  No  effervescence  in  add.  BB.  fuses  at  4.5  to  a  black  magnetic  bead 
Under  [the  M.,  between  the  +  nicols,  can  be  seen  the  mica,  chlorite  and  quarts.  In 
the  plain  light  the  chlorite  appears  pale  greenish,  and  the  mica  (biotite)  Ught  brown. 
Interspersed  in  the  section  are  many  opaque  grains  resembling  magnetite. 

Sp.  2239,  from  400  N.,  1350  W.,  Sec.  22,  T.  39,  R.  18,  Wis.,  somewhat  simibr  to  No. 
1C8.    Under  the  microscope  very  similar  to  No.  108. 

No  109  (Sp.  2097).  —  Arenaceous  chloritic  schist  Bad  Water  village,  Lot  3,  Sec. 
30,  T.  41,  R.  30,  Mich. 

Dark  green,  sprinkled  with  gray;  even,  fine  grained  texture.  Weathers  to  a  light 
greenish  drab,  and  on  outer  weathered  surface  is  often  pinkish.  Schistose  stroctore, 
and  jointed.    The  deavage  planes  appear  often  fibrously  corrugated.    Hardness  aboat 

3.  No  effervescence  in  add.    BB.  fuses  at  5.  to  a  dirty  green  glass. 

Np.  1 10  (Sp.  2144).— Arenaceous  chloritic  schist  850  N.,  100  W.,  Sec  18,  T. 
40,  R.  19,  Wis. 

Grayish  green  Shimmering  luster  on  deavage  planes,  and  arenaceous  on  edgei. 
The  former  are  often  fibrously  corrugated.    Brisk  effervescence  in  add.    BB.  fuses  at 

4.  to  a  black  glass.  Under  the  M.,  in  the  polarized  light,  it  appears  to  be  an  aggrega- 
tion of  very  pale  greenish  leaves  of  chlorite,  small  grains  of  quartz  and  grayish  patdM 
of  lime.    The  schistose  structure  is  veiy  apparent 

Sp.  2143,  from  330  N.,  700  W.,  Sec.  17,  T.  40,  B.  19,  Wis.  Dark  grayish  green,  with 
caldte  in  the  joints.    Very  similar  to  Sp.  2144. 

No.  1 1 1  (Sp.  2227).  —  Arenaceons  chloritic  schist  1250  N.,  1000  W.,  Sec.  30.  T. 
39,  R.  18,  Wis. 

Dark  grayish  green;  very  fine  grained,  even  texture.  Slightly  glistening.  With  the 
loupe  it  appears  arenaceous  and  the  dark  green  chlorite  is  plainly  visible.  The  deaia^ 
surfaces  are  often  slightly  corrugated.  Apparent  hardness,  about  3.  No  effmescence 
in  add.  BB.  fuses  at  5.5  to  a  black  enamel.  Under  the  M.,  between  the  +  nicob, 
the  rock  appears  to  be  about  an  equal  mixture  of  chlorite  and  quartz.  The  fragmenti 
or  leaves  of  the  former  and  grains  of  the  latter  are  quite  small.  The  m^'ority  of  them 
measuring  not  more  than  j^  of  an  inch  across.  A  little  actinolite  and  viridite  is  con- 
tained. 

Sp.  2228,  from  same  locality  as  No.  Ill,  appears  to  be  only  a  finer  grained  vaiie^  d 
the  same. 

No.  112  (Sp.  2128).  — Qaartasose  chloritic  schist  1250  N.,  1000  W.,  Sec  7,T. 
38,  R.  20,  Wis. 

Grayish-white,  mixed  with  light  green,  and  seams  of  buff-colored  lime.    The  qoaiii 
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has  a  TiireoQS,  watery  texture,  resembliDg  vein-quartz.  The  chlorite  is  largely  con- 
tained, and  is  imevenly  distributed.  Irregular  schistose  structure,  often  warped,  with 
talcy  layers  in  the  cleavage  planes.  On  weathered  surface  of  the  edge,  as  seen  in  the 
bed,  it  presents  a  rough,  warty  appearance,  very  similar  to  a  volcanic  dyke.  The  bed 
is  about  twenty  feet  wide,  and  conformed  with  the  strike  and  dip  of  the  formation  with 
which  it  is  associated.    Under  the  lens,  can  be  recognized  copper  and  iron  pyrites. 

No.  118  (Sp.  2170).  — Feldspathic  chloritic  schist  750  N.,  450  W.,  Sec  9,  T. 
40,  R.  18.  Wis. 

Greenish  ash,  sprinkled  with  shades  of  yellow;  very  indeBnite;  medium-grained 
texture;  irregular  schistose  structure;  surface  rough  and  uneven.  Hardness  about  3. 
No  efifervescence  in  acid.  BB.  fuses  at  4.  to  a  black  glassy  bead.  Under  the  M., 
between  the  +  nicols,  can  be  recognized  the  chlorite  and  small  grains  of  quartz,  also 
considerable  decomposed  actinolite  and  fragments  of  feldspar. 

No.  114  (Sp.  2092).  — Calcareous  chloritic  schist.  900  N.,  100  W.,  Sec.  18,  T. 
40,  R.  19,  Wis. 

Dirty-gray  mottled  with  dark-green.  The  grayish  portion  is  apparently  feldsi)athic,' 
and  the  green,  chloritic  Irregular  warped  schistose  structure.  Hardness  3-5.  Brisk 
effervescence  in  warm  acid.  BB.  greenish  portion  fuses  at  4.5  to  a  black  glass.  Under 
the  M.,  portions  of  the  section  have  a  grayish  texture,  interspersed  with  leaves  of 
chlorite  and  slender  fragments  of  actinolite;  others  are  schistose  with  layers  of  chlorite 
and  small  grayish  grains.    Scattered  in  the  section  are  fragments  of  altered  feldspar. 

No.  1 1 5  (Sp.  2247).  —  Calcareous  chloriUc  schist  1050  N.,  900  W.,  Sec.  28,  T. 
40.  R.  18,  Wis. 

Greenish-gray,  spotted  with  a  shade  of  buff.  Fine-grained  texture.  Under  the 
loupe  the  groundmass  appears  arenaceous  and  is  interspersed  with  greenish  and  grayish, 
irregular  shaped  particles;  schistose  structure.  Weathers  deeply;  on  surface  dirty-drab 
to  brown;  below  the  surface,  ocbreous  yellow.  The  small  spots  noticed  above  average 
about  1-16  of  an  inch  and  effervesce  briskly  in  add,  and  are  partially  dissolved. 
Hardness  about  4.  BB.  fuses  at  4.  to  a  black  glass.  Under  the  M.,  the  grayish,  often 
slightly  banded  crystals  of  caldte  are  easily  recognized.  The  chlorite  is  in  crystalline 
scales  and  large  amorphous  patches.  Disseminated  in  the  rock  are  numerous  smaXL  grains 
of  quartz. 

No.  116  (Sp.2087).— Magncticmica^Kjhist  2000  N.,  2000  W.,  Sec  8,  T.  41,  R. 
30,  Mich. 

Greenish-black,  sprinkled  with  gray.  Fine-gnuned,  even  texture.  Cleaves  readily 
into  thick  .slates,  the  surfaces  of  which  are  often  covered  with  small  bronze  colored 
scales  of  mica.  Strongly  magnetic.  Hardness  about  3.  Streak  powder  dark  green. 
BB.  fuses  at  4.5  to  a  black  magnetic  scoriaceous  mass. 

No.  1 17  (Sp.  2117).—  Talco-chloritic  schist  1700  N.,  1430  W.,  Sec  15,  T.  38,  R. 
20,  Wis. 

Light  pearly  grayish-green.  Talcy,  shimmering  luster.  Warped  schistose  structure, 
spUtting  readily  into  thm  scales.  Interlaminated  with  these  are  thin  grayish  dolomitic 
seams.    Hardness  about  3.    BB.  fuses  at  5.  with  brisk  intumescence  to  a  black  glass. 

No.  1 18  (Sp.  2142).— Talco-chloritic  schist  200  N.,  1650  W.,  Sec.  22,  T.  40,  R. 
19,  Wis. 

Light  grayish-green,  with  a  purplish  brown  tint  Talcy,  slafy  structure  and  warped 
schistose,  {fibrous  texture.  Hardness  about  2.5.  No  effervescence  in  add.  BB.  fuses 
at  4.5  to  a  dark  green  glass. 

No.  119  (Sp.  2044).— Talco^hloritic  schist  (Provisional.)  S.  W.  qr.  of  N.  E. 
qr.  Sec.  23,  T.  41,  R.  31,  Mich. 

Light  grajrish- green;  very  even  talcy,  shimmering  luster;  slaty  schistose  strucUm?, 
cleaving  readily  into  ii^egnlar  plates.  On  the  splitting  planes  is  often  a  thin  film  of 
lime.    Slightly  jointed.    Hardness  aboot  3.    BB.  fuses  at  5.5  to  a  green  enamel. 
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No.  1 20  (Sp.  2054).  —  Talco^hloritic  slaty-schist  1150  N.,  150  W.,  Sec  24.  T. 
39,  R.  30,  Mich. 

Pearly  pale  greenish  gray.  Slightly  shimmering,  slaty  texture.  Geaves  into  imper- 
fect slates.  The  edges  of  a  fracture  appear  banded  with  alternate  layers  of  greenish 
and  pmkish  gray,  averaging  about  one-sixteenth  of  an  inch  in  thickness.  The  former 
are  chlorite  and  have  a  hardness  of  2  to  3.  The  latter  are  apparently  fddspa- 
thic  with  a  hardness  of  4  to  6.  Weathers  deeply;  on  the  outer  surface  to  a  brown- 
ish drab;  below  the  weathered  surface  for  nearly  one-half  an  inch  it  is  stained  a  dark 
brown.  The  cleavage  planes  are  finely  corrugated.  Very  brisk  effervescence  in  add, 
continuing  for  some  time.  BB.  fuses  at  4-5  to  a  light  grayirfi  green  glass.  Under  the  M., 
the  pale  greenish  chlorite  is  hardly  distinguiahable  from  the  grayish  talc.  In  the  potar- 
ized  light  the  lime  is  easily  recognized  by  its  rhombic  stiiations,  and  that,  between  the 
+  nicols,  it  affords  a  dark  field,  when  the  principal  plane  of  the  prisms  is  parallel  to  a 
diagonal  bisecting  either  of  the  angles  of  the  rhomb.  This  distinguishes  it  from  the 
talc  in  the  section,  since  it  becomes  dark  when  the  edge  of  one  of  the  fragments  coincides 
with  the  principal  plane  of  either  of  the  crossed  nicols.  Numerous  grains  of  quartz  and 
a  few  fragments  of  feldspar  are  contained. 

Sp.  2055,  from  1050  N.,  150  W.,  Sec.  24,  T.  39,  R.  30,  Mich.,  is  very  similar  to  No. 
120. 

No.  121  (2075).  —  Chloritic  slate.  (Provisional.)  Four  Foot  Falls.  1930  N.,  1000 
W.,  Sec.  14,  T.  39,  R.  19,  Wis. 

Dark-green;  on  cleavage  surface  often  a  pearly  grayish-green.  Cleaves  readily  into 
thin,  wavy  sheets;  besides  these  broad  corrugations  may  be  observed  minute  fibrous 
ones,  resembling  at  first  glance  fine  striations.  Hardness  about  3.  BB.  fuses  at  5.  to  a 
dirty  yellowish-green  glass. 

No.  122  (Sp.  2147).  —Chloritic  slate.  (Provisional.)  1375  N.,  750  W.,  Sec.  14, 
T.40,  R.18,  Wis. 

Dark-green;  slaty  texture  and  shining  luster.  Very  fissile,  cleaving  readily  into 
thin,  more  or  less  perfect  slates.  Streak  powder  green.  Haidness  about  3.  No  effer- 
vescence in  add.  BB.  fuses  at  4.5  to  a  black  magnetic  bead. 
No.  123  (Sp.  2137).  —  Chloritic  slate.  800  N.,  250  W.,  Sec.  12,  T.  40,  R.  31.  Mich. 
Dark  grayish -green;  aphanitic  texture;  slaty  structure,  cleaving  into  imperfect 
slates.  On  the  surface  of  the  plates  it  has  a  drabish-bronze,  shimmering  texture. 
Hardness  about  3.    BB.  fuses  at  4.  to  a  black  magnetic  bead. 

Sp.  2179,  from  1800  N.,  50  W.,  Sec.  15.  T.  40,  R.  18,  Wis.,  is  apparently  a  lesa  altered 
variety  of  No.  123. 

No.  124  (Sp.  2251). — Pyrltiferous  chloritic  slate.  430  N.,  1500  W.,  Sec  36,  T. 
40.  R.  17,  Wis. 

Bright  greenish-black;  aphanitic  texture.  Not  very  fissile,  but  still  may  be  split  witii  a 
little  care  into  irregular  plates  about  an  eighth  of  an  inch  thick.  Under  the  lens  nothing 
definite  as  to  its  composition  can  be  made  out.  On  a  side  fracture  are  visible  several 
thin  seams  of  iron  pyrites.  Hardness  3.5-4.  BB.  fuses  at  4.5  to  a  black  magnetic  mass. 
Under  the  M.,  the  pale-greenish  chlorite  and  large  leaves  of  brown  mica  are  easily 
recognized.  Thickly  strewn  in  the  section  are  fine  particles  and  ragged  shreds  of  carb(»i. 
Numerous  grains  of  quartz  are  contained. 

No.  125  (Sp.  2140).— Pyritifeious  chloriUc  slate.  580  N.,  1810  W.,  Sec.  12,  T. 
39,  R.  19,  Wis. 

Greenish-black;  aphanitic  texture.  Slaty  structure,  cleaving  into  more  or  less  per- 
fect slates.  It  has  a  hardness  of  about  4,  and  rings  when  struck  with  the  hammer. 
Disseminated  in  it  aro  iron  pyrites,  often  in  narrow  seams,  but  usually  in  scattered  bright 
yellow  cubes.  Pale-greenish  streak  powder.  Brisk  effervescence  in  add  for  a  few 
moments.    BB.  fuses  at  4.  to  a  black  magnetic  bead.    Under  the  M.,  with  a  power  of 
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120 X,  the  section  presents  a  dirty  appearance,  affording  but  very  little  light  between 
crossed  niools.  With  a  higher  power  it  appears  to  consist  largely  of  minnte  pale- 
greenish  leaves  of  chlorite. 

No.  126  (Sp.  2190).  —  Pyritiferous  chloritic  slate.  300  N.,  2000  W.,  Sec  26,  T. 
40.  R.  17,  Wis. 

Dark  greenish  black;  aphanitic  textuie,  slightly  sparklmg  with  minute  black  shining 
specks.  Interlaminated  with  the  slates  are  thin  seams  and  elongated  particles  of  iron 
pyrites.  Cleaves  easily  into  imperfect  slates.  Along  the  splitting  planes  it  is  somewhat 
decomposed.  Hardness,  about  3.  Streak  powder,  a  dirty  green.  No  effervescence  in 
acid.    BB,  fuses  at  4.  to  a  black  magnetic  bead. 

No.  127  (Sp.  2077).— Talcose  schist.  2000  N.,  1000  W.,  Sec.  36,  T.  40,  R.  31, 
Mich. 

Light  pea-green ;  talcy  texture.  Weathers  to  a  deep  red.  Irregular  warped  schist- 
ose structure.    Hardness  2  to  3.    BB.  fuses  at  4.5  to  a  very  pale  green  glass. 

No.  128  (Sp.  2270).— Talcose  schist.  Sturgeon  Falls.  40  N.,  2  JO  W.,  Sec.  27,  T. 
39,  R.  29,  Mich. 

Light  grayish  green;  talcy  texture.  Corrugated  warped  schistose  structure.  The 
cleavage  planes  are  often  minutely  forellated.*  Weathers  to  an  ochreous  brown.  Hard- 
ness about  3.    Slight  effervescence  in  add.    BB.  fuses  at  4.  to  a  black  glass. 

No.  1 29  (Sp.  2263).  —  Talcose  schist  Sturgeon  Falls.  1670  N.,  500  W.,  Sec.  27, 
T.  39,  R.  29,  Mich.      . 

Light  grayish-green;  foliated,  tulcy  texture  and  warped  schistose  structure;  slightly 
fibrous.  Has  a  greasy  feel,  and  is  quite  soft.  Brisk  effervescence  for  a  short  time. 
BB.  fuses  at  5.5  to  a  grayish  enamel. 

No.  180  (Sp.  2064).  —  Talcose  schist  Littie  Quinnesec  Falls.  1070  N.,  870  W., 
Sec.  15,  T.  39,  R.  80,  Mich. 

Light  gray;  warped  schistose  structure.  The  cleavage  surface  has  a  talcy,  silvexy- 
gray,  shimmering  luster.  Effervesces  briskly  in  acid  for  a  few  minutes.  Hardness 
about  2.5.  BB.  fuses  at  5.  to  a  pale  green  glass.  Under  the  M.,  in  the  polarized  light, 
the  fibrous  talc  is  easily  recognized.  The  base  of  the  rock  appears  to  consist  largely  of 
small  grains  of  quartz.    Interspersed  in  it  are  several  grayish  patches  of  lime. 

No.  131  (Sp.  2073).  — Talcose  schist  Big  Quinnesec  falls.  N.  W.  qr.  Sec  8, 
T.  39,  R.  30,  Mich. 

Light  pearly  grayish-green.  A  fresh  fracture  has  a  talcy,  shimmering  luster. 
Warped  schistose  structure,  and  finely  corrugated.  On  the  edge  may  be  seen  a  few 
grains  of  glassy  quartz.  Interlaminated  with  the  talcy  folia  are  hard  layers,  resem- 
bling those  of  felsite.    BB.  fuses  at  5.  to  a  white  enamellar  glass. 

No.  132  (Sp.  2082).— Chlopo-talcose  schist  (Prov.)  1250  N..  1750  W.,  Sec.  30, 
T.  41,  R.  31,  Mich. 

Greenish- gray;  even,  impalpable  texture.  A  fresh  fracture  sparkles  with  minute 
scales  resembling  those  of  talc.  Uneven  schistose  structure.  Hardness,  1-2.  Batters 
under  the  hanmier.  Apparently  somewhat  decomposed.  No  effervescence  in  acid. 
BB.  fuses  at  5.  to  a  greenish  enamel. 

No.  1 33  (Sp.  2067).  —  Chloro-talcose  slate.  (Prov.)  S.  E.  qr.  of  S.  E.  qr.  Sec.  32, 
T.  40.  R.  30,  Mich. 

Ash-gray;  on  the  edge  it  has  a  slight  brownish  tinge.  Cleaves  into  thick  curved 
slates.  On  cleavage  surfaces,  slightly  shimmering.  Quite  soft  and  partially  decom- 
posed. No  effervescence  in  acid.  BB.  fuses  at  5.  to  a  magnetic  bead.  Under  the  M., 
between  the  +  nicols,  it  presents  an  even  crystalline  texture.  The  base  is  composed  of 
minute  crystalline  particles,  and  an  amorphous  substance.  The  former  are  in  small 
grains  and  slender  crystals,  the  longest  of  which  are  not  more  than  1-1000  of  an  inch. 

>  Spotted  like  the  tkin  of  a  trout. 
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A  few  of  these  slender  crystals  can  be  recognized  as  actinolite,  frcHn  the  indinatioo  of 
the  optic  bisectrix  to  the  principal  crystal  axis.  The  amorphoos  snbstanoe  has  a  diitj 
brownish  appearance. 

No.  134  (Sp.  2061).  —  Cbloro-taleoee  schist  (Proy.)  LitUe  Qninnesec  Falls.  1140 
N.,  225  W..  Sec.  15.  T.  39.  R.  80,  Mich. 

Pnrphsh  to  greenish-gray.  To  the  unaided  eye  it  presents  an  aphanitic  crystalline 
texture.  Schistose  structure.  The  surface  of  the  cleavage  planes  is  usually  corrugated, 
and  on  a  fresh  one,  may  be  seen  numerous  very  minute  white  scales,  resembling  those 
of  talc  Weathers  to  a  reddish-brown.  Feeble  effervescence  in  cfAd  acid,  but  brisk  in 
hot  BB.  fuses  at  4.  to  a  black,  slighily  magnetic  bead.  Under  the  M.,  in  the  polar* 
ized  Hght,  the  section  presents  a  semi- granular  crystalline  texture,  and  is  intecspened 
with  numerous  grayish  patches,  resembling  dolomite.  The  base  of  the  rock  is  composed 
principally  of  small  grains  of  silica,  and  a  grayish  substance  that  becomes  dark  betweei 
the  +  nicols.  There  are  numerous  small  fragments,  resembling  those  <^  thloiite  or 
talc. 

No.  185  (Sp.  2071).— Talcy  feldspathic  slaty-schist  Big  Quinnesec  Falk  N. 
W.  qr.  Sec.  8,  T.  39,  R.  80,  Mich. 

Flesh  color  on  the  edge,  and  silver  gray  and  flesh  color  mottled  with  dark  green  oe 
cleavage  surface.  The  edge  appears  slightly  banded  with  irregular  (not  continuoos) 
dark  green  thin  layers.  It  appears  studded  on  the  edge  with  a  few  grains  of  quartj 
and  feldspar;  the  laminae  folding  around  them.  The  silver  gray  color  is  due  to  lerj 
thin  layers  of  talc.  The  pinkish  portion  is  apparently  feldspathic,  and  has  a  hardnes 
of  5.6,  and  fusibility  a  little  above  5.,  fusing  to  a  white  enamellar  glass.  Under  the 
M.,  between  the  +  nicols,  it  appears  crystalline.  Some  portions  of  the  section  ace  com- 
posed of  minute  grains  of  quartz,  others  have  a  soft  gray  fleecy  fibrous  texture,  while 
others  are  micro-granular  and  are  stained  brownish,  evidentf^  due  to  decomposition. 
Scattered  in  this  varied  base  are  several  highly  altered  ctystds  of  feldspar  and  large 
grains  of  quartz,  enclosing  apparently  portions  of  the  base.  A  little  chlorite  and  mag- 
netite may  be  recognized.  The  fibrous  portion  of  the  section  noticed  above  resembles 
talc.  With  a  power  of  500  X  can  be  seen  in  the  quartz  grains  numerous  dancing 
bubble  cavities. 

No.  136  (Sp.  2157).— Chloro-argillaceons  slate.  N.  E.  cor.  Sec.  16,  T.  40,  B.  18, 
Wis. 

Light  pearly  pea  green;  slaty  texture.  Weathers  to  c  brownish  red.  Slaty  schist- 
ose structure;  cleaves  readily  into  slates  more  or  less  perfect  Hardness  about  3. 
No  effervescence  in  add.    BB.  fuses  at  4.5  to  a  greenish  glass. 

Under  the  M.,  between  ^the  X  nicols,  portions  of  the  section  appear  dark,  owing  to 
a  thickly  disseminated  brownish  substance;  others  have  a  soft  gray,  micro-granular  text- 
ure.   With  a  power  of  500  X  can  be  seen  a  pale  greenish  mineral,  resembling  chbrite. 

No.  137  (Sp.  2237).-Chlonwirgillaceoiis  slate.  1325  N.,  1050  W..  Sec.  28,  T. 
39,  R.  18,  Wis. 

Light  bluish-black;  impalpable  slaty  texture.  Cleaves  readily  into  imperfect  slates. 
Emits  a  strong  clay  odor  when  breathed  upon.  Hardness  about  3.5.  BB.  fuses  at 
4<5  to  a  gray  blebby  glass. 

No.  138  (Sp.2185).— Chloro-arKUlaceous  slate.  (Prov.),  500  N.  1840  W.,  Sec  33, 
T.  40,  R.  18,  Wis. 

Greenish  slate  color;  very  even,  aphanitic  texture.  Cleaves  readily  into  plates  from 
one-eighth  to  three-quarters  of  an  inch  thick;  the  latter  have  a  smooUi  oonchoidal  frac- 
ture and  are  jointed.  Hardness  about  3.5.  Under  the  M.  it  presents  a  greenish  Uown 
base;  between  the  +  nicols,  the  section  appears  thickly  strewn  with  minute  dTstaUtDe 
grains  resembUng  silica. 
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No.  1 89  (Sp.  2244).—  Chloro^urgillaceons  slate.  2000  N.,  600  W.,  Sec.  28,  T.  Z9, 
R.  19,  Wis. 

Slate  color.  Aphanitic,  impalpable  textiuie.  Bright,  shimmering  loster.  Very  fissile, 
splitting  into  thin,  regular  plates.  Hardness  2.5  to  3.  BB.  fuses  at  5.5  to  pale  greenish 
gray  glass. 

No.  140  (Sp.  2253).—  Chloro-argillaceons  slate.  Lake  Hanbury.  Sec  16,  T.  39, 
B.  29,  Mich. 

Bluish  black;  apbanitic  texture.  Imperfect  slaty  texture,  somewhat  shaly  and  jobted. 
On  the  jointed  surface  it  appears  irregularly  banded  at  an  oblique  angle  to  the  cleavage. 
Whether  these  indistinct  bands  are  the  bedding  planes,  is  difficult  to  decide  from  the 
amall  hand  Bprnnftm.  Lyiqg  in  the  spiitiiflfir  plaoes  aae  thui  msibs  of  pyrites.  BB. 
fuses  at  5.  to  a  pale  greenish  gray  glass. 

Iron  ore  rocks  (See  EcoNOinc  Chapteb). 

No.  141  (Sp.  2076).—  Siliceous  magnetic  ore.  Mouth  of  Pine  river.  1300  N.,  1480 
W.,  Sec.  22,  T.  39,  R.  19,  Wis. 

Broadly  banded  with  metallic  steel  gray,  and  dark  purplish  brown  to  grayish  brown. 
The  former  are  layers  of  steely  magnetite;  the  latter  are  an  admixture  of  magnetite  and 
the  sesquioxides  of  iron  and  arenaceous  quartz.  Streak  powder  dark  purplish  brown. 
Strongly  magnetic    Sp.  Gr.  3.00. 

No.  142  (Sp.  2243).— Garnetiferous  maipietic  ore.  1150  N.,  950  W.,  Sec.  28 
T.  39,  R.  18,  Wis. 

Bluish  black,  mottled  with  garnet.  Indistinct,  medium  grained  texture.  Bright 
metallic  luster.  The  garnets,  easily  recognized  by  their  color,  fracture,  hardness  and 
fusibiUty,  are  in  irregular  shaped  bunches  and  grains.  Some  of  them  are  half  an  inch 
across.    Somewhat  schistose  in  structure.    Strongly  magnetic.    Sp.  Gr.  4.17. 

No.  143  (Sp.  2154).— Steely  specular  iron  ore.  Eagle  Mine.  25  N.,  10  W 
Sec.  20,  T.  40,  R.  18,  Wis.  *'  ** 

Brownish  purple.  Aphanitic  texture.  Irregular  banded  structure.  Coursing  through 
the  ore  and  disseminated  in  it  are  seams  and  fragments  of  vein  quartz.  Hardness  about 
5.    Streak  powder  red.    Sp.  Gr.  3.60. 

No.  144  (Sp.  2156).  —  Steely  specular  ore  with  vein  quartz.  1870  N.,  1950  W 
Sec.  15,  T.  40,  R.  18,  Wis. 

The  ore  is  bluish  to  purplish  brown,  and  the  quartz  is  grayish  white.  The  former  has 
an  aphanitic  to  flinty  texture  and  the  latter  a  vitreous  texture.  Disseminated  in  the 
specular  ore  are  radiated  clusters  of  brown  iron  ore.    Sp.  Gr.  3.36. 

No.  1 45  (Sp.  2241). —Siliceous  hard  hematite.  1500  N.,  1050  W.,  Sec  28,  T.  V0 
R.  18,  Wis. 

Dark  shade  of  purple;  aphanitic  steely  texture.  Some  portions  of  it,  by  very  care- 
ful observation  with  a  strong  lens,  appear  to  be  an  altered  variety  of  No.  49  (Sp. 
2240).  Schistose  structure.  Very  hard  and  siliceous;  some  of  the  fractures  across  the 
lamination  are  covered  with  a  thin  iridescent  film,  possibly  that  of  an  oxide  of  man- 
ganese.   Streak  powder  red.    Sp.  Gr.  3.20. 

No.  1 46  (Sp.  2066).—  Flag  ore  or  banded  siliceous  ferruginous  slate.  S.  E.  qr. 
of  S.  E.  qr.  Sec  32,  T.  40,  R.  30.  Mich. 

Dark  metallic  purplish  blue,  banded  with  grayish  brown.  The  former  layers  have  an 
aphanitic  texture  and  bright  metallic  luster.  They  are  composed  of  a  jasper  oxide  of 
iron  and  afford  a  brownish  powder.    The  ktter  are  arenaceous.    Sp.  Gr.  3.47. 

No.  147  (Sp.  2030).  —Flag  iron  ore.  1600  N.,  1000  W.,  Sec.  20,  T.  40,  R.  30 
Mich. 

Purplish  steel  gray;  flaggy  or  jointed  schistose  stractore.    Under  the  lens,  it  presents, 
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a  fine  grained  arenaceous  texture  and  Bemi-metallic  luster.  SligbUy  friaUe.  Streak 
powder  purpliah  brown.    Sp.  Gr.  3.00. 

No.  148  (Sp.  .2152}.— Banded  ferrnginoiis  schist  640  N.,  1900  W.,  Sec  21,  T. 
40,  R.  18,  Wis. 

Grayish  white  banded  with  shades  of  brown.  Schistose  structure.  Couning  through 
the  specimens  are'seams  of  yein  quartz.  The  thin  layers  of  oxide  of  iron  are  very  macb 
decomposed  and  mostly  changed  to  a  hydrous  yellow  oxide.  Some  of  the  layers  cr 
bunches  of  quartz  have  an  arenaceous  appearance.  When  scratched  with  the  knife  it 
leav3s  a  shining  streak. 

Carbonaceous  rocks. 

No.  149  (Sp.2134}.-  Carbonaceous  argillaceons schist  250  N.,160  W.,  Sec  11, 
T.  39,  R.  19,  Wis. 

Bluish  black.  Impalpable  texture.  Very  jointed  and  schistose  structure.  In  the 
joints  is  usually  a  lemon  to  buff  colored  substance,  apparently  due  to  ihe  decompositioQ 
of  the  iron  pyrites,  irregularly  disseminated  in  the  rock.  The  specimen  is  eyidently 
highly  carbonaceous.  No  effervescence  in  add.  Streak  powder  black.  Hardne»  about 
4.5.    BB.  fuses  at  5.  with  slight  intumescence  to  a  gray  blebby  glass. 

No.  160  (Sp.  2197)  —  Siliceous  plnmbaginons  schist  425  N.,  500  W.,  Sec  25, 
T.  40,  R.  17,  Wis. 

Grayish-white  and  bluish-black.  Irregular  schistose  structure.  The  quarts  is  in 
thick,  uneven  bands.  The  graphitic  layers  are  easily  recognized  by  their  luster  and 
shining  black  streak.  The  it)ck  is  highly  ferruginous,  as  it  fuses  at  5.  to  a  black 
magnetic  enamel. 

No.  151  (Sp.  2153).— PlumbaKinous  schist.  650  N.,  1900  W.,  Sec  21,  T.  40.  R. 
18.  Wis. 

Bluish-black  dull  to  graphitic  texture.  Very  fragile.  Irregular  warped  schistoie 
structure.  Hardness  about  2.5.  Streak  shining.  Gives  a  black  powder,  and  soils  the 
fingers  when  handled.  No  eflcrvescenoe  in  acid.  BB.  becomes  grayish- white  without 
fusing.    Moistened  with  cobalt  solution  it  becomes  blue. 

Sp.  2196,  from  500  N.,  600  W.,  Sec.  25,  T.  40,  R.  17,  Wis.,  is  sunilar  to  No.  151  (Sp. 
2153). 

Sp.  2169,  from  800  N.,  450  W.,  Sec.  9,  T.  40,  R .  18,  Wis.,  is  very  simikr  to  No.  151, 
only  it  fuses  at  4.5  to  a  Ught  gray  glass. 

Granites. 

No.  152  (Sp.  2084).  —  Protogine-granite.  S.  E.  qr.  of  S.  E.  qr..  Sec  17,  T.  41, 
R.  SO,  Mich. 

Flesh  color  to  grayish- white;  unevenly  sprinkled  with  dark  green.  The  first  is  due  to 
the  orthodase,  easily  recognized  by  its  broad,  plain  cleavage  facets.  The  second,  the 
qu»iz,  best  seen  on  a  weathered  surface,  where  decomposition  has  rendered  the  irregn- 
lar  grains  prominent.  The  latter,  the  dark-green  mineral,  is  quite  soft  and  ai^)arent]y 
much  altered,  and  resembles  chlorite.  On  the  jomting  or  cleavage  surfaces  may  be  seen 
minute  silver-gray  scales  veiy  similar  to  those  of  talc.  Under  the  M.,  the  crystals  of 
orthodase  appear  plain;  some  of  them  are  partially  decomposed  and  endoee  ofta:i  grains 
of  quartz,  llie  quartz  grains  are  angular  and  large.  The  chlorite  is  in  pale-greenish 
leaves  and  is  scattered  in  the  matrix;  also  in  the  grains  of  quartz.  With  a  power  of 
500  X  can  be  seen  a  few  dancing  bubble  cavities.  There  are  other  cavities  containing  a 
stationary  bubble,  even  when  heated  above  100*  C;  the  latter  indusions  in  many 
respects  resemble  those  of  glass.  The  refractive  index  of  the  filling  is  neariy  equal  to 
that  of  the  quartz,  as  only  a  faint  narrow  line  forms  the  division,  while  the  bubble  is 
outlined  by  a  broad  dai^  ring.    It  is  possible  that  these  may  be  filled  with  a  hi^j 
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Baturated  saline  liquid.  The  babbles  of  the  fluid  cavities  remain  lively  when  heated, 
bat  do  not  disappear.' 

No.  153  (Sp.  2129).  —  Granite.    500  N.,  0  W.,  Sec.  12,  T.  38.  R.  19,  Wis. 

The  feldspar  is  grayish  to  reddish- white.  Many  of  the  crystals  are  quite  large,  meas- 
uring an  inch  across.  The  quartz  is  in  irregular  shaped  masses,  and  has  a  dull,  vitre- 
ous luster,  and  forms  apparently  the  groundmass  of  the  rock.  The  mica  is  brownish- 
black  to  black,  and  is  scattered  promiscuously  in  the  spscimen.  Under  the  M.,  it 
presents  a  coarse,  granular  structure.  The  feldspar  crjrstals  (orthoclase)  appear  large. 
They  show  well  the  different  shades  of  decomposition,  from  a  slight  cloudiness  to  a  dull- 
gray  mass.  The  quartz  presents  a  clear  watery  cluromatic  texture,  and  an  angular  patchy 
structure.  The  dark-colored  mica  is  easily  recognized,  and,  like  hornblende,  is 
often  strongly  dichroitic.  The  position  of  the  bisectrix  to  the  crystal  axis  readily  distin- 
guishes it.  With  a  power  of  500  X  can  be  seen  in  the  quartz  grains  numerous  inclu- 
sions, similar  to  those  in  No.  152. 

No.  154  (Sp.  2271).  — Protogine.  (Piov.)  1230  N.,  850  W.,  Sec.  27,  T.  38,  R. 
21,  Wis. 

Grayish-pinkish-red  on  edge  and  end  fracture,  and  yellowish-gray  on  cleavage, 
sprinkled  with  greenish-black,  and  tinged  with  an  indistinct  pinkish  red.  Cherty  fel- 
sitic  texture.  Schistose  structure.  Cleaving  readily  into  plates.  Under  the  lens,  no 
crystab  of  the  essential  minerals  are  visible.  As  accessories  may  be  recognized  numer- 
ous cubes  of  iron  pyrites.  A  thin  coating  of  lime  often  covers  the  splitting  planes. 
Slight  effervescence  in  acid  for  a  moment.  BB.  fuses  at  4.5  to  a  white  pearly  glass. 
Under  the  M.,  the  section  appears  to  be  very  much  altered,  only  the  grains  of  quartz 
remain  unchanged.  Between  the  +  nicols  it  presents  a  grayish,  patchy  appear- 
ance. A  few  decomposed  fragments,  resembling  feldspar,  may  be  seen;  also  a  little 
talc  and  chlorite.  What  the  rock  originally  was  is  difficult,  from  the  small  hand  speci- 
men, to  decide.    In  composition  and  texture,  it  resembles  protogine. 

>See  C.  B.  Wriji^ht's  Annual  Report  for  1877. 
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CHAPTER  III. 

WESTERN  AND    SOUTHERN    EXTENSION   OF   THE 
MENOMINEE  RANGE. 

This  chapter  embraces  the  continuation  of  the  Huronian  series  to 
the  west  of  the  ground  covered  mutually  by  Major  T.  B.  Brooks  and 
myself  in  1874.  It  is  purposed,  however,  to  give  only  a  general  out- 
line of  this  later  field  work,  since  a  detailed  geological  description 
would  be  but  an  uninteresting  repetition  of  the  same  essential  points 
already  given  by  Major  Brooks  in  a  previous  chapter*  of  this  report. 
I  will  give  a  geological  cross  section  along  the  line  A-B  (see  map), 
and  project  into  it  from  either  side,  the  difierent  strata,  so  as  to 
make  our  section  as  complete  as  possible. 

This  can  be  done  without  relying  altogether  on  the  litbological 
characteristics  of  the  rocks,  as  will  be  seen  from  the  plan  of  our  field 
operations,  which  consisted  of  running  parallel  north  and  south  lines, 
one-quarter  to  one-third  of  a  mile  apart,  and  taking  on  these  lines 
magnetic  observations  with  the  dial  compass  and  dipping  needle  at 
every  one  hundred  steps.  We  noted  also  the  topography,  the  soil, 
and  the  timber.  See  table  at  the  end  of  chapter,  giving  quality 
and  quantity  of  timber,  etc. 

By  means  of  the  lines  of  attraction  which  we  crossed,  and  in  some 
instances  traced  out,  we  were  thus  enabled  to  connect  widely  sepa- 
rated outcrops. 

We  will  now  begin  with  the  youngest  member  of  our  geological 
section,  the  upper  granite.  That  this  granite  is  younger  than  the 
lower  Huronian,  I  think  admits  of  no  doubt.  Wo  find  the  latter 
dipping  under  the  former,  and  veins  of  the  former  penetrating  the 
latter;  but  that  it  belongs  to  the  lower  Huronian,  is  in  my  mind  an 
open  question  (see  page  236).  It  may  be  said  that  this  upper  granite 
in  the  Menominee  district,  as  far  as  we  know,  is  usually  underlaid  by 
formation  XIX  of  our  cross  section,  but  we  must  remember  that  XIX 
is  a  wide  belt. 

This  granite  is  massive,  rarely  if  ever  shows  any  signs  of  bedding, 
though  an  apparent  stratification  or  grain  is  sometimes  visible;  that 
is,  the  longer  axes  of  the  feldspar  crystals  appear  to  have  a  common 
trend,  but  this  may  be  due  to  pressure. 

1  Chapter  II,  Pt.  VII,  thU  Vol. 
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Outcrops  of  the  upper  granite  are  very  numerous  south  of  the  two 
Quinnesec  falls;  but  exposures  of  it  in  range  17  and  westerly  there- 
from, near  its  junction  with  the  lower  Huronian,  are  exceedingly  rare; 
still,  the  topography  of  the  country,  the  quality  of  the  soil  and  timber, 
and  frequency  of  large  angular  boulders  of  granite  immediately  out- 
side  of  the  lower  Huronian  area,  indicate  very  well  the  character  of 
the  underlying  rock. 

The  most  westerly  ledge  of  granite  I  have  seen,  on  the  Menominee 
range,  was  in  Sec.  27,  T.  41,  E.  13  E.,  or  about  three  miles  south  of 
Bruld  lake.  North  of  this,  about  one  mile,  is  a  hornblende  rock.  In 
ranges  13, 14  and  15,  we  found  in  the  Pine  river  numerous  large 
granite  boulders,  and  in  Sec.  9,  T.  39,  R  14,  on  the  river,  is  a  ledge 
of  gneissoid  granite,  strike  N.  80'  E.,  and  dip  high  to  south. 

In  ranges  16  and  17,  immediately  south  of  the  hornblende  schists, 
the  granite  boulders  appear;  the  soil  is  then  of  a  poorer  quality,  the 
softer  kinds  of  timber  predominate,  and  the  topography  changes. 
Low  rounded  hills  or  oblong  ridges  and  deep  amphitheater-like  de- 
pressions (pot  holes)  are  quite  common.  The  water  of  the  swamps, 
unlike  that  of  the  clear  spring  water  within  the  Huronian  area,  has  a 
brackish  taste.  An  observing  person,  in  passing  from  the  Huronian 
to  the  granite,  cannot  fail  to  note  the  strong  contrast. 

The  upper  granite  is  well  represented  by  the  granite  ledges  south 
of  Quinnesec  falls  (see  description  No.  153,  page  717),  and,  also,  by 
the  most  westerly  outcrop  we  have  just  noted  of  this  rock.  This 
latter  is  reddish  gray  in  color,  mottled  with  dark  patches  of  fine  par- 
ticles of  biotite.  The  essential  minerals,  quartz,  feldspar  and  mica, 
are  easily  distinguished.  The  grains  of  quartz  are  glassy  to  dull  gray 
and  seldom  exceed  one  quarter  of  an  inch  in  size.  The  feldspar  con- 
stitutes about  one-half  the  entire  mass.  The  crystals  are  pale  red  to 
grayish  white;  some  of  them  are  half  an  inch  across.  The  mica  is 
disseminated  in  irregular  shaped  leaves  through  the  matrix  of  the 
rock;  it  is  very  dark  green  or  black.  A  weathered  surface  is  usually 
rough  from  knotty  projections  of  the  quartz,  and  just  beneath  this 
surface,  for  an  eighth  of  an  inch,  the  feldspar  is  more  or  less  changed 
into  kaolinite.  The  mica  appears  less  altered  and  retains,  usually,  its 
dark  color.  The  rock  is  massive  and  jointed,  presenting  only  faint 
and  doubtful  lines  of  bedding. 

Under  the  microscope^  the  above  minerals  are  easily  made  out;  with 
a  power  of  600  diameters  may  be  seen  numerous  fluid  inclusions,  some 
of  which  are  saline,  and  out  of  their  solution  has  crystallized  a  small 
cube  of  salt  The  tiny  cubes  are  perfectly  transparent,  and  their  out- 
lines are  extremely  fine,  and  require  a  good  defining  microscope  to 


Digitized  by 


Google 


WESTERN  AND  SOUTHERN  EXTENSION.  721 

digtingaish  them.  This,  howcTer,  is  what  we  would  natarally  expect 
when  we  consider  how  small  mnst  be  the  difference  of  the  refractive 
index  of  the  salt  crystal  and  the  saturated  solution  out  of  which  it  has 
formed;  and  for  the  same  reason,  the  bubble  in  these  appears  much 
darker  than  in  the  simple  fluid  cavities.  Another  difference  too  may 
be  noted,  and  that  is,  the  bubble  of  the^e  saline  solutions  has  but  very 
little  movement,  while  those  of  the  other  kind  are  usually  very  lively. 
This,  no  doubt,  might  be  explained  by  the  difference  of  the  densities 
of  the  fluids,  and  possibly  there  might  be  established  a  scale  of  the 
comparative  saturation  by  the  rate  of  vibration  of  these  tiny  bubbles. 
It  is  highly  probable  that  all  of  these  inclusions  contain  more  or  less 
salt,  even  when  no  crystal  is  present,  since  there  is  an  evident  degree  of 
difference  in  the  saturation,  from  the  fact  that  the  relative  size  of  the 
cubes  and  that  of  the  cavity  varies  greatly;  some  of  them  in  the 
large  cavities  being  very  minute,  while  in  others  they  occupy  one- 
fifth  of  the  included  space. 

One  very  interesting  and,  I  think,  important  fact  in  connection  with 
these  saline  inclusions,  which  I  have  already  noted  in  my  report  on 
the  Penokee  iron  range,  is,  that  I  have  always  found  them  present  in 
the  upper  granite  of  that  district,  and  as  yet  I  have  not  observed  any 
in  the  lower  or  Laurentian  granite  of  our  Lake  Superior  region  (see 
pages  255  and  256). 

Another  rock  which  we  may  as  well  note  here  is  a  gneissoid  granite, 
of  which  mention  has  been  made  in  this  chapter.  It  is  reddish  gray 
in  color,  medium  grained  in  texture,  and  is  highly  feldspathic.  But 
very  little  quartz  is  contained,  and  the  leaves  of  biotite  have  a  parallel 
arrangement. 

Under  the  microscope  can  be  recognized  plain  and  striated  feld- 
spar, grains  of  quartz  and  leaves  of  biotite.  The  orthoclase  is  frequently 
very  much  altered.  In  the  quartz  grains  a  few  fluid  cavities  are 
contained,  though  I  cannot  detect  any  holding  a  crystal  of  salt.  Still, 
some  of  the  bubbles  are  very  dark,  and  are  nearly  motionless,  which 
leads  us  to  suspect  that  their  liquid  is  somewhat  saline. 

The  next  rock  we  will  consider  is  a  garnetiferous  hornblende  gneiss, 
XIX  (?)  located  on  Pine  river,  and  near  the  junction  of  the  lower 
Huronian  and  granite,  in  the  S.  E.  qr.  of  the  S.  W.  qr.  of  Sec.  4,  T. 
39,  E.  16,  Wis.  The  ledges  here  cross  the  river  obliquely,  and  form 
some  rough  rapids  and  low  terrace  falls.  The  gneiss  is  plainly  bed- 
ded and  has  a  strike  of  N".  62°  W.,  and  dips  nearly  vertically.  Ap- 
parently interstratified  and  intersecting  it  are  veins  of  feldspathic 
granite.  These  granitic  sheets,  in  some  instances,  occupy  as  much 
space  as  the  gneiss.  The  feldspar  crystals  are  very  large,  many  of 
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them  measuring  three  inches  across.  Bat  verj  little  qnartz  or  mica 
is  present  in  the  granite.  Under  the  microscope  maj  be  seen  in  the 
granite  slender  crystals  of  tourmaline,  which  are  strewed  promiscu- 
ously through  the  section,  lying  within  the  quartz,  feldspar  and 
the  matrix. 

The  gneiss  does  not  appear  in  the  least  contorted.  In  it,  along  the 
bedding  planes,  are  gashy-like  bunches  of  feldspar,  the  largest  of 
which  are  three  inches  long  by  one  inch  wide.  It  is  grayish-black 
in  color,  and  medium  to  fine-grained  in  texture.  A  fresh  snr&oe 
sparkles  with  the  black,  shining  facets  of  hornblende,  and  when 
examined  closely,  very  small  reddish  grains  of  garnet  may  be  seen. 

Under  the  microscope  the  hornblende  appears  to  be  the  predomi- 
nating mineral,  the  quartz  next,  then  the  plain  and  striated  fragments 
of  feldspar.  The  garnets  are  easily  recognized  by  their  becoming 
dark  between  the  crossed  nicols.  The  quartz  contains  numerous  fluid 
inclusions. 

To  the  northeast  of  here  about  one  mile,  and  in  the  south  bank  of 
the  Pine  river  is  another  low  ledge  of  hornblende  gneiss  or  schist, 
XIX.^  It  is  plainly  stratified,  has  a  strike  of  N*.  86*  W.,  and  dips  high 
to  the  south.    It  therefore  underlies  the  gneiss  we  have  just  described. 

This  latter  gneiss  is  very  similar  to  those  south  of  Pine  river  in 
Sees.  26  and  27,  T.  39,  K.  17,  Wis.  See  lithological  description  No. 
62,  page  702. 

The  gneiss  is  dark  to  light  green.  It  is  highly  crystalline;  ex- 
amined on  the  side  fracture,  the  bright  shining  needles  of  hornblende 
have  a  parallel  arrangement.  The  larger  crystals  measure  an  eighth 
of  an  inch  in  length  and  are  very  narrow.  The  cleavage  of  the  rock  is 
quite  even  and  perfect.  It  often  resembles  a  hornblende  schist  The 
fracture  across  the  cleavage  is  rough  and  raspy  to  the  touch ;  under 
the  microscope  the  schistose  structure  is  plainly  visible.  The  base  of 
the  rock  is  feldspathic,  composed  of  small  partially  altered  crystals  of 
feldspar  and  granules  of  quartz,  which  fill  up  the  interstices  between 
the  large  amphibole  fragments.  The  feldspar  and  hornblende  often 
occur  in  twin  crystals. 

This  brings  us  to  the  typical  hornblende  schists,  which  we  have 
considered  as  belonging  to  No.  XIX  of  our  section ;  in  fact,  the  horn- 
blende schists,  as  far  as  I  have  observed,  constitute,  on  the  south  side 
of  the  Huronian  series,  at  least  nine-tenths  of  No.  XIX.    They  form 

'  The  Roman  nomerals  employed  in  this  chapter  represent  the  difierent  memben  ol 
the  Huronian  series.  The  designation  was  first  employed  by  Mi\jor  T.  B.  BrDoka,  in  kii 
geological  report  of  Michigan,  1873,  and  I  have  endeavored,  in  the  cross  tecti<ni  A-6«  to 
correlate  the  Menominee  series  with  the  Michigan.  In  comparing  proof  sheets  d  this 
volume,  it  appears  that  Major  Brooks*  Bed  No.  XV  is  the  same  as  my  No.  XIII.  lUs 
difference  applies  only  to  the  Middle  Huronian. 
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a  wide  and  important  belt  in  the  series.  They  are  plainly  stratified 
and  nearly  always  present  the  same  appearance,  and  therefore  are 
quickly  recognized.  We  first  iEound  these  schists  in  south  and  south- 
east of  the  two  Quinnesec  falls  and  traced  them  west  for  four  milea, 
where  they  disappear  beneath  the  heavy  sand  drift.  When  we  met 
them  again  nearly  nine  miles  to  the  west,  across  this  covered  area, 
they  seemed  like  old,  familiar  friends.  We  then  traced  them  for  ten 
miles  in  a  west-northwesterly  direction,  where  they  disappeared  once 
more  under  the  heavy  drift  which  keeps  them  concealed  for  at  least 
twenty  miles  farther,  or  to  the  westerly  limit  of  our  field  work. 

On  the  north  side  of  the  Huronian  series,  immediately  north  of 
the  Menominee  river,  the  hornblende  schists  are  represented  by  mica 
schists,  which  resemble  the  upper  mica  schists  of  the  Marquette  Iron 
district.  See  lithological  description  No.  22,  also  Major  Brooks' 
description  of  the  same. 

The  general  strike  of  our  hornblende  schists  is  well  illustrated  on 
map  XXX,  whereon  is  located,  as  near  as  may  be,  from  our  present 
data,  the  position  and  course  of  the  lower  Huronian  series.  The  dip  of 
the  hornblende  schists  vary  from  forty-fire  to  seventy  degrees  to  the 
south  and  southwesterly.  These  schists  are  usually  of  a  greenish- 
black  color  sprinkled  with  gray,  are  fine-grained  to  aphanitic  in  text- 
ure.  Examined  under  a  strong  lens  they  appear  highly  crystalline 
and  the  surface  frequently  sparkles  with  innumerable  facets  of  shin- 
ing, black,  needle-like  crystals  of  amphibole.  Schistose  structure 
very  plain,  even  in  hand  specimens.  Cleaves  quite  readily  and  some- 
times into  thin  plates.     Somewhat  jointed. 

One  specimen,  from  the  center  of  Sec.  16,  T.  39,  JR.  17  E.  a 
fair  representative  of  the  hornblende  schists,  appears,  under  the 
microscope^  composed  chiefly  of  irregularly  broken  crystals  of  horn- 
blende,  with  grains  of  quartz  and  fragments  of  feldspar  lying  between 
and  apparently  forming  the  base  of  the  rock.  South  of  this  locality 
about  one-quarter  of  a  mile,  is  a  much  finer -gi-ained  hornblende 
schist,  which,  under  the  microscope^  in  the  polarized  light,  presents  a 
finely  quartzose  base,  thickly  strewn  with  acicular  crystal  fragments 
of  actinolite. 

For  a  fuller  description  of  these  hornblende  schists,  see  Nos.  51  to 
61,  inclusive,  pp.  700-702. 

In  the  center  of  the  north  half  of  the  K  W.  qr.  of  Sec.  16  is  an 
actinolite  schist,  interstratified  with  the  hornblende  schists,  and  inter- 
secting it  are  veins  of  granite.  The  actinolite  schist  has  a  fine  crys- 
talline  texture.  The  crystals  of  actinolite  are  easily  recognized.  It 
has  an  irregular  schistose  structure,  and  weathers  to  a  lighter  drab. 
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Under  the  microscopej  the  section  appears  densely  crowded  with 
slender  blades  of  actinolite,  which  have  a  common  trend.  There  are 
several  small  clusters  and  narrow  seams,  filled  with  angular  grains  of 
qnartz;  still  the  actinolite  constitutes,  at  least,  nine- tenths  of  the  rock. 

The  next  member  given  on  our  section  is  No.  XVII;  between  this 
and  No.  XIX  would  naturally  come  No.  XVIII,  but  I  have  never 
found  anything  in  the  western  portion  of  the  Menominee  range  in 
Wisconsin  that  would  separate  Nos.  XVII  and  XIX.  We  find  occa- 
sionally a  narrow  bed  of  actinolite  schist  along  the  junction,  but  it 
occurs  also  interstratified  with  the  hornblende  schist.  No.  XVII  is 
a  massive  diorite;  it  is  a  very  tough  rock  and  not  easily  fractured. 
It  seldom  ever  shows  the  faintest  signs  of  bedding,  and  therefore 
resists  well  the  destroying  agencies  of  nature,  and  for  this  reason 
frequently  forms  high,  steep  ridges,  having  the  same  trend  as  the 
formation. 

These  ridges  often  terminate  very  abruptly,  owing  to  the  strongly 
jointed  character  of  the  rock.'  The  diorite,  like  the  hornblende 
schists,  is  one  of  the  important  members  of  our  series. 

It  occurs  in  south  of  the  Quinnesec  Falls  and  in  Sees.  26  and  27, 
T.  39,  R.  17  E.,  and  northwesterly  therefrom,  along  the  north  side  of 
the  hornblende  schist,  to  the  northwest  quarter  of  Sec  35,  T.  40, 
R.  16  E,  where  it  disappears  under  the  heavy  drift;  boulders  of  it, 
however,  are  scattered  over  the  surface  for  nearly  a  mile  beyond  this 
point. 

North  of  Pine  river,  in  range  17,  is  another  parallel  belt  of  diorite; 
which  I  think  forms  the  basin  rock  of  a  synclinal.  See  map  and 
geological  cross  section  A-B.  It  will  be  noticed  on  the  map,  that 
this  range  of  diorite  begins  immediately  west  of  Loon  lake  and  ex- 
tends thence  northwesterly  out  of  Sec.  36  and  across  Sees.  35, 27  and  2$. 

We  did  not  find  a  continuous  ledge  of  diorite  over  this  entire  area, 
but  outcrops  of  it  were  very  common,  and  the  south  side  of  this 
belt  is  traversed  by  an  almost  unbroken  line  of  magnetic  attractions; 
thus  clearly  indicating  the  location  of  the  covered  rocks. 

North  of  this  range  the  greenstones  again  form,  apparently,  the 
basin  rock  of  what  appears  to  me  to  be  another  synclinal.  See  cro«s 
section  A-B.  We  do  not  find  these  rocks  outcropping  on  the  line  of 
our  cross  section;  but  the  magnetic  attractions,  with  the  strike  of  the 
rocks  to  either  side,  enable  us  to  determine  very  nearly  where  the 
diorite  range  passes. 

To  the  east,  on  the  south  bank  of  the  Brulfe  river,  between  the  Mich- 
igamme  and  Paint  rivers,  are  large  ledges  of  amphibole  rock.  Sec  de- 
scriptions, Nos.  34  to  42  inclusive,  pp.  697,  69S.    It  is  possible  that 
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these  amphibole  rocks  represents  the  diorites.  North  of  the  Brulfe, 
on  onr  line  A-B,  diorite  occurs  again,  this  time  dipping  to  the  north. 
The  diorites,  owing  to  their  massive  structure,  are  not  as  welcome  to 
the  sight  of  the  field  geologist  as  the  hornblende  schists  and  other 
plainly  bedded  rocks.  It  is  in  vain  that  we  sometimes  try  to  make 
ourselves  believe  that  the  jointing  seams  are  lines  of  stratification,  for 
the  chances  are  that  a  little  further  investigation  will  develop  on  the 
other  side  of  the  ledge  another  set  of  similar  seams,  having  a  reverse 
strike  and  dip.  Still,  the  diorites  have  their  redeeming  qualities,  since 
their  very  raassiveness  permits  them  to  rear  their  rounded  and  scarred 
heads  above  the  surface,  thereby  indicating  the  relat^ve  position  of 
the  other  rocks,  and  thus  indirectly  reveal  to  us  that  which  we  wish 
to  know. 

Within  the  diorite  formation  and  parallclly  traversing  its  general 
trend,  is  a  line  of  magnetic  attraction.  See  map  and  cross  section 
A-B.  Whether  these  attractions  are  due  to  a  covered  bed  of  com- 
mercial iron  oi*e  or  to  rocks  carrying  magnetite,  can  only  be  deter- 
mined by  actual  explorations. 

Let  us  now  examine  the  diorites  a  little  more  closely.  Some  of  them 
are  very  fine-grained,  others  are  coarsely  so.  Very  dark  green  is  the 
prevailing  color.  They  weather  to  a  light  drab,  and  sometimes  quite 
deeply.  The  weathered  surface  is  usually  rough,  with  warty-like  pro- 
jections of  hornblende.  The  hornblende  cleavage  planes,  in  the 
coarser  varieties,  can  be  readily  made  out. 

Under  the  microscope^  the  amphibole  appears  as  the  most  abun- 
dant mineral.  It  is  the  least  altered,  and  in  some  sections  it  is  twinned. 
The  feldspar  is  frequently  partially  decomposed,  and  presents  then 
a  micro-granular  mass. 

The  larger  crystals  often  enclose  fragments  of  amphibole.  As  ac- 
cessory minerals  may  be  added,  a  little  magnetite,  and  in  some  in- 
stances a  few  grains  of  quartz.  For  detailed  descriptions,  see  Nos. 
75  to  93,  pp.  704-708. 

Referring  again  to  our  cross  section  A-B,  No.  XV  appears  as  the 
next  member  marked  thereon.  No.  XVI  is  apparently  wanting. 
This  latter  member.  Major  Brooks  has  provisionally  designated  in  his 
Mich.  Eep.  as  a  limonitic  schist,  but  my  impression  is,  that  it  is  only 
decomposed  pyritiferous  lenses  of  No.  XV. 

No.  XV  is  represented  by  chloritic  schists  (see  lithological  descrip- 
tions,  Nos.  121  to  126),  by  chloro-argillaceous  slates  (Nos.  136  to 
138),  and  by  plumbaginous  schists  (Nos.  149  to  151). 

The  most  westerly  outcrop  of  No.  XV  in  our  south  range  was  on 
the  south  side  of  Pine  river,  a  little  north  of  the  center  of  Sec.  28,  T. 
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39,  R  18  E.  (see  No.  137).  On  our  next  range  to  the  north  (see  map), 
we  find  it  outcropping  along  the  south  side  of  the  diorites  in  Sees.  36, 
35,  26  and  27,  T.  40,  R.  18.  Again  in  the  next  range  to  the  north,  it 
outcrops  immediately  south  of  the  Commonwealth  in  Sees.  34,  33,  32 
and  31,  T.  40,  R.  18  K,  also  in  Sec.  25,  T.  40,  R.  17  E.  Again  in 
the  next  northerly  range,  about  the  Eagle  mine  location,  is  an  abun- 
dance of  plumbaginous  schist;  also  in  this  same  range  near  the  south- 
west corner  of  Sec.  13,  T.  40,  R  17. 

In  our  next  range  to  the  north,  we  find  along  the  south  side  of  the 
Brul^  river,  near  the  northeast  corner  of  Sec.  16,  and  in  the  northeast 
quarter  of  Sec.  14,  T.  40,  R.  18,  chlorite  and  argillaceous  slates.  See 
Nos.  136  and  122. 

In  Sec.  12  on  the  Brulfe  river,  and  along  its  north  side  opposite  to 
Sees.  11,  2  and  3,  T.  40,  R  17,  and  Sees.  33  and  34  of  T.  41,  R  17,  are 
many  outcrops  and  narrow  ridges  of  chloritic  and  chloro-argillaceons 
slates.  The  plumbaginous  schists  are  seldom  found  outcropping, 
but  when  they  come  near  the  surface,  the  black  soil  and  small  frag- 
ments  of  the  rock  reveal  their  presence,  and  by  a  little  digging  the 
loose  ledge  is  soon  reached.  With  the  slates  it  is  different;  they  some- 
times form  a  sharp,  narrow  ridge,  or  on  the  other  hand  a  low  outcrop; 
and  where  a  stream  crosses  the  series,  we  frequently  find  in  passing  over 
the  slates  a  narrow  gorge.  This  is  owing  to  their  highly  jointed 
nature.  The  bed  of  the  stream  at  these  points  is  usually  thickly 
strewn  with  fragments  of  the  slate.  For  the  economic  value  of  the 
plumbaginous  schists,  see  page  688. 

We  now  reach  No.  XIV  of  our  section  A-B,  which  is  represented 
in  town  39  and  ranges  16  and  17  by  actinolite  schist  In  our  most 
southerly  range  we  find,  on  the  north  side  of  XIV,  a  narrow  belt  of 
magnetic  attractions,  extending  northwesterly  through  Sees.  8,  5  and 
6  of  T.  39,  R  17,  and  Sees.  36,  35  and  27  of  T.  40,  R  16  E.  See 
map.  On  our  next  range  to  the  north,  the  magnetic  attractions  bear 
about  the  same  relation  to  XIV.  The  actinolite  schists  of  XIV  are 
rather  soft  and  easily  weathered,  and  therefore  the  outcrops  of  it  are 
not  frequent.  Near  the  center  of  Sec.  36,  T.  40,  R  16,  the  Pine  river 
cuts  through  this  member,  affording  at  this  point,  a  fine  water  power 
with  a  fall  of  some  ten  feet,  which  could  be  easily  increased  to  fifteen 
or  twenty  feet.  The  formation  crosses  the  river  at  nearly  right  angles, 
and  the  ledges  ascend  quite  rapidly  on  either  side  from  the  river, 
thereby  forming  natural  wing  walls  for  a  dam  to  be  used  either  for 
mill  purposes  or  log  driving.  The  formation  has  a  strike  of  N.  75* 
W.,  and  dips  70*  to  the  southwest.  We  have  here  two  varieties  of  tliis 
rock;  one  is  plainly  schistose  and  the  other  is  more  compact  and 
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resembles  a  hornblende  rock.  The  first  is  a  chloro-actinoHte  schist,  of 
a  dark  grayish-green  color.  Examined  on  its  edge  with  the  lens,  it 
presents  a  densely  reticulated  mass,  made  up  of  small,  pale-greenish 
needles  of  actinolite. 

The  schistose  structure  is  very  perfect,  and  the  schist  planes  hare  a 
talcy  appearance.  When  breathed  upon,  the  rock  emits  a  strong  clay 
odor,  due  probably  to  partial  alteration  of  some  of  its  mineral  ingre- 
dients. 

Under  the  microscope^  a  section  of  the  rock  shows  a  thickly  matted 
mass  of  actinolite  and  pale  green  chlorite;  also  viridite,  which  gives 
a  dark  field  between  the  crossed  nicols. 

The  compact  variety  noted  above  is  medium-grained  in  texture, 
and  is  dark  green,  sprinkled  with  gray.  The  amphibole  can  be  read- 
ily made  out  with  the  lens.  Under  the  microscopcy  the  principal 
minerals  appear  to  be  amphibole  or  actinolite,  with  an  occasional 
large  imperfect  crystal  of  orthoclase,  which,  apparently,  was  the  last 
mineral  ingredient  formed,  as  it  contains  fragments  of  amphibole  and 
portions  of  the  quartzose  base.  With  a  high  power  may  be  seen 
some  very  perfect  crystals  of  amphibole;  also  brownish  leaves  of  bio- 
tite,  and  a  few  grains  of  magnetite.  No.  XIII  possesses  much  more 
interest  on  our  south  range  than  No.  XIV.  It  is  a  micaceous  horn- 
blende schist.  To  define  the  dividing  line  between  this  and  XIT 
on  the  one  side,  and  No.  XII  on  the  other  side,  is  hardly  possible, 
though  on  the  cross  section  A-B  I  have  provisionally  done  so. 

On  the  south  range  there  is  but  little  difference  in  these  three  mem- 
bers, but  for  convenience  wo  will  consider  the  micaceous  hornblende 
schists  of  this  range,  with  the  supposed  interstratified  belts  of  iron 
ore,  as  No.  XIII.  On  the  next  range,  to  the  north.  No.  XIII  is  rep- 
resented  by  actinolite  schists.  The  magnetic  belts  are  easily  traced. 
It  would  seem  more  consistent  here,  perhaps,  to  consider  Nos.  XII, 
XIII  and  XIV  as  one  member.  For  the  location  of  these  see  map, 
also  economic  chapter,  page  685,  relating  to  magnetic  belts.  The 
outcrops  of  the  micaceous  hornblende  schists  in  the  south  range  are 
usually  low  and  are  not  extensive.    The  rock  is  plainly  bedded. 

In  the  center  of  the  S.  W.  qr.  of  Sec.  5,  T.  39,  R  17,  is  a  ledge 
of  garnetiferous  mica  schist,  in  which  the  hornblende  appears  to  be 
nearly  wanting,  though  it  very  soon  passes  into  the  typical  micaceous 
hornblende  schists.  This  mica  schist  has  a  dark  greenish  color  and 
an  uneven  schistose  structure.  The  surface  of  the  cleavage  planes  are 
rough  and  knotty  with  garnets,  the  leaves  of  mica  folding  around  and 
enveloping  them.  On  the  weathered  surface,  the  garnets  are  more  or 
less  decomposed ;  many  of  them  are  so  altered  that  only  small  ochre- 
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0U8  bundles  remain.  Under  the  microscope^  the  specimen  appears 
composed  of  brownish  leaves  of  biotite  thickly  scattered  in  a  very 
quartzose  base.  The  garnets  are  easily  recognized  and  are  irregularly 
checked.  Yellowish  and  reddish  membranes  of  the  oxides  of  iron  are 
present,  also  an  opaque,  ragged  substance  resembling  carbon 

The  typical  micaceous  hornblende  schist  is  very  dark  green  in 
color,  fine-grained  in  texture.  Cleavage  quite  regular,  and  on  the 
surface  may  be  seen  the  bright  scales  of  mica  and  an  occasional  small 
rounded  projection  of  garnet. 

Under  the  mic7*08copey  the  brownish  leaves  of  biotite  and  fibrous 
hornblende  appear  to  be  about  equally  contained,  and  are  dissemi- 
nated in  a  quartzose  base  of  small  angular  grains.  A  little  magne- 
tite is  present. 

The  most  westerly  ledge  of  this  rock  we  saw  was  near  the  center 
of  the  K  E.  qr.  of  Sec.  27,  T.  40,  K.  16.  It  outcrops  easterly  from 
here  about  one-fourth  of  a  mile  on  a  high,  broad  ridge,  which  no 
doubt  is  composed  entirely  of  this  same  rock.  It  preserves  its  mica- 
ceous character,  but  is,  perhaps,  more  of  an  actinolite  schist  than  a 
hornblende  schist.  It  is  light  to  dark  green,  and  has  a  fine  crys- 
talline texture.  The  acicular  crystals  of  hornblende  and  brownish 
leaves  of  mica  are  readily  distinguished.  The  cleavage  along  the 
schist  planes  is  very  irregular.    The  mica  occurs  also  in  thin  seams. 

Under  the  microscope  the  base  of  the  rock  appears  highly  quartzose. 
Besides  the  hornblende  and  biotite  may  be  seen  a  few  grains  of  mag- 
netite.   For  other  detailed  descriptions,  see  Nos.  13-18,  pp.  693-694. 

No.  XII,  as  has  already  been  noted,  is  represented  in  the  first  two 
southerly  ranges  by  actinolite  schists. 

The  schists  are  light-green  with  bronzy  scales  of  biotite  in  the 
cleavage  planes.  Schistose  structure  very  regular  in  one  direction, 
but  across  this  it  is  warped  and  irregular.  They  resemble  very  much 
the  mica  schists.  Under  the  microscope^  the  base  appears  arenaceous, 
and  is  densely  filled  with  radiated  bunches  of  actinolite.  A  little 
magnetite  and  numerous  leaves  of  biotite  are  contained. 

It  will  be  noticed  that  these  actinolite  schists  have  a  strong  resem- 
blance to  the  micaceous  hornblende  schists,  and  it  is  very  questionable 
whether  it  is  best  to  separate  them. 

The  next  range  to  the  north,  which  corresponds  to  the  Common- 
wealth range,  No.  XII,  is  represented  by  banded  quartzite  sand  qaartz 
conglomerates.  See  descriptions,  Nos.  5,  32  and  33,  pp.  693,  697. 
This  quartzite  I  consider  is  the  true  representative  of  formation  XII. 
It  is  often  jaspery,  and  then  resembles  the  jasper  which  constitates 
the  foot  wall  of  the  specular  and  magnetic  ores  of  the  Marqoette 
Iron  district 
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There  are  very  large  ledges  of  this  rock  in  Sec.  31,  T.  40,  R.  18; 
also  in  Sec.  25,  T.  40,  R  17.  That  in  Sec.  25  gives  evidences  of  con- 
siderable disturbance.  It  is  more  or  less  contorted,  and  in  places  is 
banded,  either  with  jasper  or  lean  magnetic  ore.  By  referring  to  the 
map,  it  will  be  noticed  that,  in  order  to  join  the  qnartzites  located  250 
paces  south  of  the  center  of  Sec.  31  with  those  in  the  southeast  quar- 
ter  of  Sec.  25,  we  must  presuppose  a  sharp  N.  N.  TV.  bend  in  the 
formation,  or  possibly  a  fault  and  throw.  S.  S.  W.  from  here,  about 
six  miles,  in  Sees.  22  and  27,  the  formation  makes  fully  as  sharp  a 
turn  to  the  northwesterly  as  is  required  to  unite  these  quartzites  into 
one  belt.  Again,  the  contorted  character  of  the  quartzites,  already 
noted  in  Sec.  25,  affords  us  still  further  proofs  of  an  unusual  disturb- 
ance. The  axial  line  of  this  northwesterly  bend  apparently  passes 
N.  N.*E.  from  the  center  of  the  northwest  quarter  of  Sec.  27,  T.  39, 
R.  17,  through  Loou  lake  (see  map)  and  then  possibly  takes  a  more 
northerly  direction,  or  continues  the  same  course,  but  with  a  more 
gradual  curve  in  the  change  of  the  strike  of  the  formation.  This 
quartzite  often  contains  numerous  reddish  scales  of  mica  approaching 
an  aventurine  quartzite. 

In  Sees.  25  and  31,  the  plumbaginous  schists  and  iron  ores  im- 
mediately overlie  the  quartzite,  with  no  possible  chance  for  No.  XIV 
of  our  series.  My  impression  is  that  this  short  bend  has  produced, 
along  the  axial  line,  an  uplift,  and  that  the  quartzite,  owing  to  its 
hard,  unyielding  nature,  has  caused  a  thinning  out  of  the  softer  con- 
tiguous strata  folding  around  the  outer  side  of  the  bend. 

The  next  member  of  our  section  A-B  is  a  hornblende  rock,  which 
I  have  designated  as  No.  XI.  In  the  south  range  it  outcrops  at  in- 
tervals on  the  north  side  of  the  actinolite  schist.  The  rock  is  very 
coarse  to  fine-grained,  and  is  usually  massive.  Its  color  varies  from 
pale-green  to  greenish  black,  and  in  some  of  the  coarser  kinds  of  the 
latter  shade,  where  partial  decomposition  has  set  in,  they  have  been 
mistaken  by  explorers  for  iron  ore. 

Under  the  microscope^  they  appear  composed  essentially  of  horn- 
blende, with  small  granules  of  quartz  lying  between  the  hornblende 
crystals.  An  occasional  imperfect  crystal  of  orthoclase  may  be  seen. 
As  accessories  may  be  added  a  few  grains  of  magnetite  and  bright  red 
scales  of  hematite;  also  viridite  as  an  alteration  product. 

In  our  cross  section  will  be  noticed,  between  the  first  two  southerly 
ranges,  a  wide,  covered  area.  Within  this  blank  space  we  find,  on  the 
north  bank  of  the  Pine  river,  in  the  south  half  of  Sec.  34,  T.  40,  R. 
17,  outcroppings  of  talcose,  chloritic  and  sericitic  schists.  These 
ledges  are  low,  and  could  easily  be  passed  unobserved. 
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The  talcose  schist  is  qaite  soft  and  easily  cat  with  the  knife.  Its 
structure  in  one  direction  is  quite  regular,  but  across  this  it  is  very 
much  warped,  and  often  suggests  a  muscle  structure.  In  color  it 
varies  from  a  light  pearly  gray  to  a  pale  pea  green. 

Northwest  of  this  locality,  near  the  west  quarter- post  of  Sec  29, 
T.  40,  E.  17,  and  therefore  within  our  covered  belt,  are  several  loose, 
angular  boulders  of  mica  schist,  and  from  their  number  and  appear- 
ance, I  should  infer  that  the  parent  ledge  was  near  at  hand.  The  rock 
has  a  silvery-gray  color,  tinged  with  a  shade  of  pale  green.  On  the 
cleavage  planes  it  has  a  satin  texture.  The  cleavage  planes  are  slightly 
corrugated  in  one  direction.  An  end  fracture  appears  arenaceous. 
Cleaves  quite  readily,  but  batters  under  the  hammer.  It  is  apparently 
talcy.  Under  the  microscope^  the  base  of  the  rock  is  composed  of  «mall 
angular  grains  of  silica,  and  is  strewn  with  colorless  leaves  of  musco- 
vite,  brownish  ones  of  biotite  and  fibrous  fragments  of  viridite,  which 
latter  give  a  dark  field  between  the  crossed  nicols,  even  on  complete 
revolution  of  the  microscope  table. 

Tliis  covered  belt  is  probably  underlaid  by  magnesian  schist  and 
other  easily  abraded  rocks,  and  it  is  possible  that  some  minor  folds 
exist  across  this  portion  of  our  cross  section. 

EXPLORATIONS  ON  THE  BRULE  RIVER. 

This  covers  all  the  ground  we  have  worked  up  in  detail.  We  will 
now  launch  our  birch  canoes  just  above  Point  river  falls,  and  paddle 
up  the  Brule  river,  and  examine  on  our  way  to  Brul6  lake  some  of 
the  results  obtained  in  1876.  Our  party  then  consisted  of  F.  H. 
Brotherton,  Esq.,  an  Indian  and  myself. 

The  Brul6  might  be  considered  a  strong  current,  but  it  has  a  splen- 
did bottom,  and  where  the  river  is  shallow,  poling  is  good.  The  water 
is  cool,  and  the  stream  abounds  in  speckled  trout,  an  attraction  to 
every  true  woodsman.  So  abundant  were  these  fish  that,  at  noon,  it 
required  only  a  few  minutes  to  capture  enough  of  them  to  satisfy  our 
more  than  greedy  appetites. 

The  first  outcrop  we  saw  was  a  chloritic  slate,  near  the  north  quar- 
ter-post  of  Sec.  18,  T.  40,  E.  18,  Wis.    Its  strike  is  N.  70*  W. 

The  next  ledge,  also  a  chloritic  slate,  is  located  near  the  center  of 
the  northwest  quarter  of  Sec.  12,  T.  40,  R  17.  Its  strike  is  X.  50*  W. 

By  reference  to  the  map,  it  will  be  seen  that  the  river  makes  a  sharp 
turn  to  the  south,  and  then  northward  until  it  touches  the  chloritic 
slate  range,  where  we  then  have  a  northwesterly  stretch  of  nearly 
three  miles.  On  the  Michigan  side  the  banks  are  high  and  quite 
steep,  and  frequent  outcrops  of  chloritic  schist  are  seen,  having  m 
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strike  of  K  60*  W.,  and  a  dip  high  to  south.  These  we  have  already 
noted  and  considered  as  belonging  to  No.  XV  of  our  cross  section 
A-B. 

Along  this  stretch  an  extensive  windfall  crosses,  and  continues 
westward  for  several  miles.  In  lots  2  and  3  of  Sec.  26,  T.  41,  R  16, 
also,  opposite,  on  the  Michigan  side  of  the  river,  are  several  ledges  of 
calcareous  chloritic  schist,  which  strike  a  little  north  of  west  and  dip 
to  south.  The  rock  is  deep  green;  is  fine-grained  and  has  a  some- 
what slaty  texture.  TVarped  schistose  structure.  Just  beneath  the 
surface,  where  it  has  been  exposed  to  the  action  of  the  water,  it  is 
colored  a  bright  yellow,  from  hydrated  oxide  of  iron.  Easily 
scratched  with  the  knife.     Effervesces  briskly  in  warm  acid. 

Tinder  the  microscope  it  presents  a  patchy  structure  from  the  irreg- 
ular shaped  masses  of  calcareous  material,  which  is  probably  dolomitic, 
as  only  an  occasional  fragment  shows  any  striations.  The  chlorite  is 
best  seen  in  the  plain  light. 

Less  than  half  a  mile  up  the  river  from  these  ledges,  in  lots  2  and  3 
of  Sec.  35,  are  the  only  falls  we  encountered  on  our  way  to  Brulfe  lake. 
These  falls  are  low,  only  two  or  three  feet  high. 

Ledges  of  dioritic  schist  cross  here  with  a  strike  of  N.  70*  TV. 
Above  the  falls,  for  nearly  three  miles,  the  river  is  narrow  and  deep. 
To  either  side  may  be  seen,  at  a  short  distance  away,  a  high  range 
covered  with  hard  wood  and  pine.  On  the  Michigan  side  opposite 
lots  2  and  3,  Sec.  20,  T.  41,  R  16,  TVis.,  is  a  high,  steep  ridge  with 
several  ledges  of  chloritic  schist,  which  have  a  strike  of  N.  80  W., 
and  dip  high  to  south.  Underlying  these  is  a  greenstone,  which  prob- 
ably constitutes  the  bed  rock  of  the  ridge.  The  chloritic  schists  are 
oolitic  from  small  concretions  of  calcite  and  resemble  a  schalstein. 
This  rock  is  very  dark  green.  It  has  a  warped  schistose  structure,  and 
its  weathered  surface  is  pitted  from  the  dissolving  out  of  the  calcite. 

Under  the  microscope^  the  base  appears  composed  chiefly  of  chlorite, 
and  is  thickly  strewn  with  small  crystals  of  magnetite  and  slender 
needles  of  actinolite.  The  calcite  is  easily  recognized.  Along  the 
river  bed  are  numerous  boulders  of  quartzite.  South  of  this  locality 
about  one  mile  and  a  half  (see  map)  is  a  high  range  of  quartzite 
extending  S.  S.  E.  from  just  north  of  the  south  quarter  post  of 
Sec.  19,  T.  40,  R.  16,  Wis.,  for  two  miles.  This  quartzite  is  calcareous 
and  resembles  the  siliceous  marble  of  the  Quinnesec  range.  See  eco- 
nomic chapter;  also  lithological  description  No.  2,  page  692.  We 
did  not  see  this  quartzite  range  at  this  time,  as  it  is  not  visible  from 
the  river,  but  since  then  Mr.  Brotherton  discovered  and  located  it. 
From  his  description  of  it  and  the  specimens  which  he  collected,  I 
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should  judge,  on  lithological  grounds,  that  it  belonged  to  the  marble 
range  (Formation  No.  V);  still  it  is  possible  thatitbelongs  toXo.  XII 
of  our  cross  section  A-B.  1  regret  that  I  must  leave  this  question, 
for  the  present,  unsolved. 

Continuing  our  journey,  we  find  near  the  center  of  Sec.  24,  T.  41, 
R.  15,  Wis.,  a  low  ledge  of  altered  actinolite  schist.  Strike  N.  85*  W. 
and  dip  to  south.  The  rock  is  of  a  greenish  ash  color,  mottled  with 
dark  green.  Scattered  in  it  may  be  seen  numerous  bright  cleavage 
facets  of  calcite.  Effervesces  briskly  in  warm  acid  for  a  time,  but 
does  not  disintegrate.  When  breathed  upon,  emits  a  strong  clay  odor. 
Under  the  microscope^  it  presents  a  densely  reticulated  mass  of  fibrous 
actinolite.  Several  amorphous  patches  of  viridite  may  be  seen.  A 
few  grains  of  magnetite  arc  contained. 

In  lot  4,  Sec.  30,  T.  41,  R.  15,  Wis.,  is  a  ledge  of  calcareous  chloritio 
schist,  which  has  a  strike  of  N.  40"  W.,  and  dips  45*  to  the  northeast. 
The  course  of  the  river  along  here  is  nearly  parallel  to  the  strike  of 
the  rocks.  The  schist  is  light  green  in  color.  On  the  cleavage  sur- 
faces it  has  a  satin  luster  and  corrugated  schistose  structure.  Lying 
in  the  schist  planes  are  seams  of  dolomite.  Some  portions  of  the 
ledge  are  oolitic,  and  the  weathered  surface  is  there  minutely  pitted. 

Under  the  microscope^  the  plain  patches  of  dolomite  are  easily  rec- 
ognized; also  the  chlorite.  With  a  power  of  600  diameters  may  be 
seen  numerous  small  crystals  of  rutile.  About  one  and  one-half  miles 
northwesterly  from  this  outcrop  the  river  changes  its  course  to  a  W. 
I^'.-W.  direction.  IS^orth  of  this  point  about  one  mile,  along  the  south 
line  of  Sees.  16  and  17,  and  Sec.  22,  T.  42,  R.  35  Mich.,  have  been 
reported  to  me  numerous  ledges  of  reddish  quartzite,  which  from  the 
description  I  have  had  of  them,  appear  to  belong  to  formation  V. 

Passing  through  the  center  of  the  N.  W.  qr.  of  Sec.  19,  T.  42,  R 
35,  Mich.,  in  a  northwesterly  direction  is  said  to  be  a  ledge  of  slate, 
and  north  of  this  point  about  two  miles  is  reported  iron  ore.  The 
country  from  here  to  Brul6  lake  consists  of  pine  plains  and  barrens. 

As  the  results  of  our  trip  down  the  Pine  river  have  already  been 
given,  we  will  turn  our  attention  to  the  country  south  of  the  Quin- 
nesec  Falls. 

REGION  SOUTH  OF  THE  QUINNESEC  FALLS. 

It  was  my  intention  in  1876  to  have  crossed  the  country  from  the 
upper  Quinnesec  Falls,  south  to  the  head  waters  of  the  Peshtigo 
river,  and  then  to  examine  the  quartzites  in  T.  34,  R.  17,  and  their 
westerly  continuation  therefrom;  but  the  unfortunate  sunstroke 
already  alluded  to  prevented  me  from  making  this  interesting  trip. 
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My  only  recourse  then,  was  to  send  my  assistant,  Mr.  F.  H.  Broth- 
erton,  whose  route  is  indicated  on  map  No.  XXX  of  atlas  by  dotted 
lines. 

The  location  of  the  quartzite  in  towns  33  and  Zi  of  ranges  13,  14, 
15, 16  and  17,  Wisconsin,  are  from  subsequent  notes  of  F.  H.  Brother- 
ton  and  his  brother,  taken  while  in  the  employ  of  the  Chicago  and 
Northwestern  Bailway  Co. 

The  outcrops  of  greenstone  and  granite  in  towns  35,  36  and  37  of 
ranges  21  and  22,  are  mainly  copied  from  the  government  plats.  Mr. 
Brotherton  reports  ledges  of  granite  along  the  range  line  on  the  west 
side  of  T.  37,  R.  20,  which  are  very  similar  to  description  153  (Spec. 
2129).  When  Sec.  7,  T.  36,  is  reached,  we  find  outcrops  of  syenitic 
granite  that  resemble,  at  first  glance,  a  diorite,  but  on  closer  inspec- 
tion the  black  bunches  resembling  hornblende  are  seen  to  consist 
chiefly  of  biotite.  This  rock  is  probably  the  same  as  that  to  the 
northeast  of  here,  which  the  government  surveyors  have  marked  on 
the  United  States  plats  as  greenstones.  Other  outcrops  of  this  rock 
were  found  at  intervals  until  near  the  southwest  corner  of  Sec.  30,  T, 
36,  K.  20  E.,  where  are  ledges  of  chlorite  schist,  having  a  strike  of 
S.  60*  W.  to  S.  80'  W.  Less  than  a  mile  south  of  here  granite  again 
makes  its  appearance,  but  it  quickly  disappears,  and  no  more  ledges 
of  rock  were  seen  for  twelve  miles. 

In  the  southeast  portion  of  T.  35,  E.  19,  are  given  on  the  U.  S. 
plats  outcrops  of  granite.  See  map.  In  the  southwest  of  T.  34,  R. 
18,  are  several  ledges  of  granite  also  near  south  quarter  post  of  Sec. 
21,  T.  33,  R.  20.  The  bedding  planes  of  the  granites  were  very  ob- 
scure, so  much  so  that  no  reliable  dips  were  observed.  The  general 
trend  (which  probably  corresponds  to  the  strike)  varied  from  S.  60" 
W.  to  east  and  west. 

The  granites,  located  south  of  the  greenstones  in  town  36,  resemble 
very  much  the  Laurentian  granite.  They  are  usually  coarse  grained 
and  have  a  reddish  color.  The  feldspar,  the  predominating  mineral, 
constitutes  at  least  fou>-fiftbs  of  the  rock.  It  is  easily  recognized  by 
its  broad  cleavage  planes.  The  quartzites  reported  by  Messrs.  Brother- 
ton  Bros,  form  a  high,  broad  ridge  of  some  four  miles  in  length,  which 
passes  through  Sees.  29  and  30,  T.  34,  R.  17,  and  Sees.  25,  36  and 
35,  T.  34,  R.  18.  The  range  varies  from  300  to  400  feet  in  height, 
and  is  about  one-half  mile  wide.  It  is  a  prominent  landmark,  and 
can  be  seen  for  many  miles  away. 

The  quartzite  in  the  north  half  of  T.  33,  R.  14,  is  considered  by 
Mr.  Brotherton  as  identical  with  those  of  farther  east.  The  country 
between  these  two  locations  was  not  examined  by  their  party,  but  there 
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is  every  reason  to  sappose  that  the  quartzite  range  is  continnons 
across  this  area. 

Grossing  the  Wolf  river  at  Post  lake  dam,  near  the  south  qoarter 
post  of  Sec.  9,  T.  33,  R.  12,  is  a  hornblende  schist  having  a  strike 
of  S.  50°  W.,  and  a  dip  of  45°  to  the  southeast.  This  rock  and  the 
quartzites  to  the  east  of  here,  I  think,  are  Huronian,  and  are  prob- 
ably on  the  same  range.  Our  data  south  of  the  Quinnesec  Falls  is 
largely  of  a  negative  character,  and  therefore  to  attempt  to  theorize 
on  the  geological  structure,  from  the  few  isolated  facts  before  us, 
would  be  quite  impracticable.  Whether  the  greenstones  already  noted 
in  T.  36,  K.  19,  constitute  a  southwesterly  range  or  belt  of  Huronian 
and  possibly  unite  with  our  quartzite  range  farther  south,  or  form  a 
narrow  bay,  is  an  open  question  which  we  will  leave  to  some  future 
geologist  to  solve,  trusting  that  the  deep  drift  may  not  frustrate  him 
in  his  endeavor. 

The  economic  notes  of  Mr.  Brotherton  may  be  briefly  given  as  fol- 
lows: 

Going  south  from  Upper  Quinnesec  Falls,  the  timber  on  the  west 
range  line,  to  the  northwest  corner  of  Sec.  30,  T.  20,  consists  of  hem- 
lock, birch,  cedar,  spruce  and  some  maple.  Walking  good.  For  one- 
half  mile  south  of  this  we  find  a  thick  cedar  and  tamarac  swamp. 

Between  Sees.  31  and  36  it  is  swampy  to  the  east  (Sec  31),  and  hard 
wood  to  the  west  (Sec.  36)  of  the  range  line.  Along  the  west  line  of 
Sec.  6,  T.  37,  E.  20,  the  timber  is  maple,  birch  and  hemlock,  two- 
thirds  hard  wood. 

Line  between  Sees.  7  and  12,  T.  37,  R.  20,  first  half,  cedar  and  tarn- 
arac  swamp,  remainder  swampy  on  the  east  side,  and  hemlock,  birch, 
maple  and  cedar  on  the  west  side  of  range  line. 

Sees.  13  and  18,  first  one-fourth  mile,  timber  small,  pine,  poplar; 
remaining  three-fourths  mile,  white  and  Norway  pine,  18  to  22  inches 
in  diameter,  rather  scrubby.    Line  poorly  marked. 

Sees.  19  and  24,  open  country;  some  scattering  white  and  yellow 
pine;  has  been  burnt  over.  Walking  good.  Between  Sees.  25  and 
30,  and  31  and  36,  also  scattering  pine,  and  burnt  over,  and  now  grown 
up  to  thick  brush. 

Eange  line  between  Sees.  1  and  6,  T.  36,  R  19  and  20,  for  first  half 
mile,  burnt  windfall,  grown  up  to  thick  brush.  From  this  point  south 
and  southwesterly,  Mr.  Brotherton  describes  the  country  along  the 
route  ho  traveled  (see  map),  a  distance  of  not  less  than  18  miles,  as 
open  pine  plains. 
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DESCRIBED  BY 

MESSRS.  BROOKS.  WICHMANN,  WRIGHT  AND  OTHERS, 

In  parts  VII  and  VIII,  inV*  comparative  table  of  tht  diferetU  numbers  which  ceiiain 
specimens  bear,  according  as  they  have  been  clasfiified  and  described. 

The  nomencUtiira  given  is  based  largely  on  Dr.  Wichmann's  djlerminations,  his  resaltt  of 
microscopical  examinations  of  thin-sections  being  given  in  chapter  V. 

Mr.  Wright  has  described  in  his  report.  Part  VIII,  the  specimens  collected  in  1874,  natabers 
2050  to  8S8t,  duplicates  of  which  were  famished  Dr.  Lapham  for  the  State  collection. 

Mr.  Jnlien's  descriptions  in  Mich.  Qeol.  Rep.,  Vol.  II,  187d,  are  based  chiefly  on  physical  characters. 

The  162  specimens  which  are  nambcred  in  the  right-hand  colamn,  and  described  in  chapter  IV, 
constitute  a  typical  sniteof  Hnronian  rocks  fonnd  in  the  region  south  of  Lake  Superior,  in  Michi- 
gan and  Wisconsin,  and  embrace  the  81  specimens  constituting  the  Michigan  state  suite,  thirty-five 
(Inpiicates  of  which  were  distributed  to  various  institutions  in  this  country  and  Europe.  See  App. 
B.,  Mich.  Qeol.  Kep.,  Vol.  II,  1878. 

[Specimens  marked  with  a  star  have  been  examined  microscopically  in  thln-sectloni.] 
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Eeweenawan  rocks,  395,  415-419. 
Agricnltaral  Capabilities,  325, 376, 377. 
Alabama  Island,  75. 
Albany  River,  388. 
Albite,  30. 

law  of  twinning,  602,  612,  622. 
Alden,  Tp.,  380. 
Alloaeas,  Claude,  57. 
Allpert,  Samuel,  frequently  quoted  in 

Maj.  Brooks'  report,  pp.  431-542. 
Alphabetical  index  to  rocla  found  in  L. 

Superior  district,  534. 
Altered  diabase,  521. 

diorite,  629,  630,  706,  707. 
feldspathic  hornblende  schist,  64^^,  705. 
hornblende  rock,  704, 
melaphyr,  38. 
micaceous  diorite.  473. 
quartz  diabase.  585, 626. 
Altitudes,  76-^. 

of  •*  Barrens,"  St  Croix  dipt.,  386. 
of  upper  St.  Croix  dist.,  371. 
western  L.  Superior  dist.,  312. 
American  Museum  of  Natural  His- 
tory, 4:31,  534. 
Aminicon  River,  16,  321. 

Range,  311. 
Amphibole,  524,  604. 

frequently  mentioned  on  pp.  249-289. 
recks,  m,  697. 
rocks,  chloritic,  697, 698. 
Amphibolite,  539,  690,  697. 
Amygdaloid,  8,  9, 10, 167,  204. 


Amygdaloid?,  392. 

frequently  noted,  pp.  365-428. 
Amygdules,  392. 

frequent  mention  of,  pp.  399-428. 
Analyses — 

black  slate.  136. 
carbonaceous  shale,  560. 
clays,  213. 

dolomite  marble,  562. 
iron  ores,  120, 153,  156-163,  463,  464, 
507,  5::{7.  541,  514,  545,  549,  550, 
551,  552,  55:3,  554,  559,  562,  588, 
590,  591,  668,  670,  672,  6r3,  676, 
677,  630,  682,  683,  684,  687. 
Keweenawan  rock  and  Superior  sand- 
stones, 350. 
limestone,  107. 

magnetic  schist,  120,  121,  123,  124, 
127, 128, 129, 130, 131, 133, 134, 135. 
porphyrjr,  195. 
quartz  diorite,  583. 
quartz  schist,  121. 
sandstones,  15,  203,  208,  350. 
sericite  schist,  636. 
serpentine,  568. 
soils,  91. 

soils  from  W.  L.  Superior  dist.,  327. 
specular  and  magnetic  ores  from  Pe- 

nokee  region,  25:3. 
water  from  St.  Croix  mineral  sprinM. 
374.  *^     ^  • 

Andesyte,  30. 
Anorthite,  30. 
Anticlinals,  391,  421,  480, 481,  492,  674, 

ApAtite,  608. 

Aphanitic  Greenstone,  453. 
Apostle  Islands,  16.  55,  64,  70,  72,  73. 
207,209,210,212,214. 

grouping  of,  73. 

full  description  of,  72-76. 
Appendices  — 

Col.  Whittlesey's  publications,  215- 
223. 

microscopic  lithology  by  A.  A.  Julien, 

T.  S.  Hunt's  letters,  657. 

Laurentian  rocks  of  Mich.,  661. 
Application  of  dipping  needle,  245. 
Apple  River,  Tp.,  384. 
Ai'chsBan  floor,  390. 

Upper  St.  Croix  dist.,  390. 
Arenaceous  chloritic  schist,  710. 

magnetic  quartz  schist,  555. 
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Arenaceons  qaartzite  with  chloritic  lay- 
ers. 488. 

quartzose  schist,  693. 
Argillaceous  rock,  456. 

schist,  461,  482,  485. 
Argillites,  Penokee  region,  251. 
Artesian  wells,  88. 
Ashland,  55,  71.  88.  90,  213. 
Ashland  County.  14.  54. 
Ashland  Mine,  54, 186,  205. 
AUa8,6. 

list  of  plates  of. 
Augen  gneiss.  474, 530.  598 

conglomeritic,  474,  598. 
Augite,  606.  623. 

frequently  noted,  pp.365-428. 

schist,  645. 

micaceous,  645. 
Augitic  diorite,  31,  86,  38.  39. 170. 
Aventurine  quartzite,  491,  729. 


B. 


Bad  RiTer,5, 11. 13, 14. 16, 20, 54, 56,^, 
66.  67,  68,  69, 71. 81, 85.  93, 95, 102, 
103,  105,  106,  108,  109,  119,  123, 
i:38,  139,  140.  141,  142,  144,  145, 
148,  150,  162,  168.  171,  172,  173, 
184.  185.  186,  194,  197,  198,  202, 
205,  212,  254. 
full  description  of.  81. 
Bad  Water  Indian  Village,  453. 
Bailey,  J.  A.,  205,  206. 
Balsam  Lake,  Tp.,  379,  380. 
Balsam  River,  88. 
Banded  argillaceous  slate,  514. 
cherty  schist.  4?r5. 
ferruginous  cherty  schist,  456. 
ferruginous  schist,  715. 
jasper,  253. 
jasper  schist,  571. 
quartz  schist,  484,  489. 
saccharoidal  quartz  schist,  487. 
specular  iron  jaspery  schist,  550. 
Barden,  Thomas.  59, 309. 

James,  308.  358. 
Barker,  Mr.,  529. 

Barney  and  Lambom*s  Island,  76. 
Barron  County,  367. 
Barrens.  352,  353,  355,  370, 375, 377-381, 
385. 
elevation  of,  313,  386. 
origin  of.  386. 
Basswood  Island,  74,  208,  210. 
Bayfield,  55,  72. 
County,  55. 
Peninsula,  14,  60,  70,  72,  204,  207, 

209,  386. 
Ridge,  69. 
Bear  Island,  76. 
Bods,  true  igneous,  392. 
Behrens,  Mr.,  621. 
Bell,  Prof.,  :W. 
Bernhard,T.F.,59. 
Bessemer  steel  ore,  676.  678. 
amount  produced  in  1878,  605. 


Big  Fork  River,  389. 
Big  Quinnesec  Falls,  515. 
Big  Rock,  428. 
Bigsby,  Dr.,  389. 
Bi-ji-ki  R.,  559. 
Biotite.  603. 

gneiss.  473.  474,  491.  530. 
homblendic,  474. 
pyritifeious,  530. 
with  hydromica,  473. 
granitoid  gneiss  (porphyhtk),  530. 
schist.  473,  495. 
granulated,  593. 
Bituminous  coal,  388. 
Black  argillaceous  schist,  with  conglom- 
erate, 487. 
Black  Brook,  Tp..  379,  384. 
Black  clay-slate.  487. 

hornblende  schist.  479.  497,  572. 
quartz  conglomerate,  5C9. 
nver,  16,  319. 
falls,  358. 

lower,  341-343. 
upper,  343. 
slate,  6, 104,  105,  118,  138,  141,  142, 

151,226. 
trappean  diorites,  520. 
Bladder  Lake,  55,  68,  85.  100.  180.  181. 

256,  276,  277. 
Blaney,  J.  V.  Z.,  374. 
Blue  ore,  668,  671,  6?2,  681. 
Bog  ores,  486. 
Bowman,  T.  £.,  326,  327. 
Boulder  clay,  385.  434. 
Boulders,  211.  212. 
of  iron  ore,  678. 
of  limestone,  :i88. 
Brackets,  how  used,  451. 
Bradley,  594. 

Breccia,  schistose  jasper.  592. 
Breen  Mine,  452.  667.  668. 
Breen-Quinnesec  Iron  iCange,  464. 
Breitung's  iron  location,  5o4. 
Brewster,  619. 
Brick  clay,  214. 

Britton,  J.  B.,  537.  594.  670.  676. 
Brooks.  T.  B..  19,  20.  22,  16:3,  164,  24*. 
429,  430,  612,  613,  614,  666,  68i.», 
719,  725. 
Rept.  on  Menominee  Iron  Range,  431, 
599. 
Brongniart,  Alex.,  622. 
Brotherton.  F.  H..-58,  257,  433,  666»  730. 
731, 733,  734. 
W.  F.,  666. 
Brown  ore,  668,  684. 
Brown  Wacke,  575. 
Brownstone  Island,  76. 
Brule  Range.  312,  348. 
river.  16,  322. 
elevation  of  source.  315. 
explorations  on,  730. 
Brunschweiler  River,  13.  55,  6J^,  85.  96, 
168,  180,  181,  184,  193,  1^6.  197, 
205. 
Brush,  Geo.  J.,  often  quoted  in  Maior 

Brooks*  Rept.,  pp.  533-059, 
Brush  prairie,  3<6,  *iSo,  384. 
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Boell,  L  M.,  vu. 
Baif  and  Bear  Creeks,  320. 
Bailding  stone,  209,  210. 
Burnett  Co.,  367. 


Caimes,  537.  544,  549,  552,  553.  554. 
Calcareous  chloritic  schist,  711. 

hornblende  schist,  645,  714. 

mica-schist,  636. 

tremoUte  schist,  453. 

rocks.  384,  690. 
Calcite,  68S. 

frequent  mention  of  on  pp.  »Jbo-4^. 
Canadian  geologists,  446,  448. 
Caneday.  D.  A.,  366,  423.       - 
Cap  of  sandstone,  6^3. 
Carbon,  728.  ^  ^    ^r^  n^a 

Carbonaceous  clay  slate,  654,  7io. 
Carbonaceous  shale,  482,  486. 

slate.  560,  654. 
Carlsbad  law.  601. 636. 
Carrie's  Creek,  65,  66,  67, 114, 127, 128, 

175. 
Cat  Island,  75, 76.     ^    ^^^     _.      _ 
Cedar    swamps,   278,   372,    377.     See 

Marshes. 
Cbalcopyrite,  298,  401. 
Chalk,  red,  677. 
Chalmers,  W.  H.,  299. 

ClH^Kft'c:, 24.  29,  56,  117, 131. 
132,  193,  211.  212,  257,  305,  806, 
325,  326.  354.  430,  531,  666. 
Champion  Mine,  6b2. 
Champlain  deposits,  3o5,  434. 
Chandler,  544,  545,  552. 
Chandler  &  Cairnes,  537,  o44,  549,  552, 

553  554. 
Chaonam'egon  Bay,  16,  55,  70,  71,  73, 

209. 
Chaquamegon  Point,  70,  71. 
Character  of  metalliferous  deposits,  L. 

Superior  region,  357.  . 

Character    of    ores,    Breen-Qmnnesec 

Range,  484. 
Chase's  Brook,  425,427. 

dam,  424. 
Chemical  work.  5S. 
Chengwatona  Lake,  390,  421. 
Chert,  510. 
.  breccia,  656. 
schist.  615. 
Cherty  schist,  banded.  485. 
Chiastolitic  schist,  254. 
Chicago  &  Northwestern  R'y,  666,  667, 

734. 
Chippewa  Co.,  367. 
nver.  81,  89,  93. 
Chlorite,  607.  ^  oaq_oqq 

frequent  mention  of,  on  pp.  249-289, 

365-428. 
gneiss,  5o6,  633. 
quartz-conglomerate,  509. 


Chlorite  schist,  456.  485.  486.  497.  518, 
557, 565, 640, 646, 697, 708, 709, 710, 

Chloritic  amphibole  rock,  698. 
biotite-gneiss,  530. 

BchiBt,484,493.  _ 
diorite,  138, 140.  708. 
diorite-schist.  495. 

wacke.  475. 
feldspathic  schist.  485. 
gneiss,  116,  467.  536,  622. 
gneissic  slate,  473. 
greenstone,  486.  ^ 
hornblende  dionte,  707. 
greenstone,  473. 
rock,  704. 
schist,  700. 
magnetite-schist,  540. 
mica-schist,  636, 695. 
quarta-conglomerate,  509. 
quartzose-schist,  #94. 
quartzite,591,615,  692,693. 
quartz  schist,  259. 
rocks,  516. 
argillo-.  517. 
diagram  of,  517. 
pseudomorphous.  517. 
schist,  6,  29,  95,  518, 646. 
diagram  of,  517. 
actmolitic,  648. 
after  actinolite,  484. 
feldspathic,  548,  647. 
micaceous,  647. 
quartzose,  453,  647. 
varieties  of,  517. 
slate,  484. 581,  711. 
orphyllite,712. 
Chloro-mica  schist,  gametiferous,  695. 
Chloro-qnartz  schist,  274,  286. 
Chloro-siliceous  schist,  250. 
Chloro-talcy  quartasose  schist,  455. 
Chloro-argiUaceous  slate,  714,  717. 
Chun  Falls,  380. 

district,  399.  412.       _^  ^^ 
glacial  markings  at,  382,  399. 
Clam  River,  380.  386. 
Clark,  Thos.,  308.      ^     ^^ 
Classification  of  rocks,  Menominee  re- 
gion, 433,  499,  500. 

ClSyls^iti,  20,  457,  459,  460,  461,  ^, 

^  486,  493.  512.  514.  542.  574, 

581)650, 711, 712, 713. 714, 715. 

carbonaceous,  574,  654, 716. 

chloritic  458.  481,  482,  514. 

diagram  of,  513. 

ferruginous,  514. 

groups,  512-514. 

micaceous.  514. 

origin  of,  650-654. 

siliceous,  615. 
Clayton,  383.     ^    ^ 
Cliff-andSlope Contour.  871. 
Climate,  L.  Superior  distnct,  324. 
Clinton  Point,  16, 70.  209. 
Coast  features,  Ecistem  L.  Superior  Dist. 

70-72. 
Cohen,  Mr.,  624. 
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Collections,  451,  533,  534. 
ColUns,  T.  Sm  313. 
Commonwealth  Iron  Co.,  679,  686. 
mine.  486.  505.  679, 726. 
ranffe.  431,  486. 

andEagle  mine  rocks,  481.  490. 
section.  483. 
Comparison  of  Menominee  Huronian  with 

other  regions.  447. 
Compass,  solar,  281. 
Conclnsions  from   examining  diabases, 

627. 
Conglomerates,  12, 13, 14, 17. 18. 20, 167, 
188. 190. 198. 202, 204, 205. 212,403, 
406,  407.  417,  467. 
special   descriptions   of,    in   Eastern 

Lake  S.  dist.,  198. 
sandstones    and    shales.    Keweenaw 
series,  332,  393. 
Conoyer,  A.  D.,  vii,  56, 117. 
Cost  of  sinking  shafts,  360. 
Contact  deposits.  357. 
Copper,  203.  204,  205.  343.  344.  348.  353. 
357, 362. 403. 405. 408. 409, 410, 415, 
422,  423.  425,  426.  427. 
Creek,  16,  320.  344,  358. 
Creek  mine.  359. 
deposits.  357,  393. 
knife,  358. 
mines,  Copper  Creek,  359. 

Fond  da  Lac,  357,  359. 
Perdval.  861. 
Wisconsin,  360. 
mming,  204.  205.  206. 
occurrence  of,  in  Eeweenawan  rocks, 

394 
ore,  401,  402.  403. 

carbonate,  342. 
pyrites,  401,  403,  405. 
range,  16.  68.  69.  70,  85,  91, 102,  212, 

311,  333.  338.  340. 
range,  Douglas  Co.,  306. 
where  to  search  for,  362. 
Copper  Bearing  Series,  4,  6. 7. 330. 336. 
368,  391,  399,  400,  401.  416.  417, 
418. 419. 434.    See  Ebweenawan. 
general  discussion  of,  7,  382. 
classification,  29. 

of  Eastern  Lake  S.  dist..  167-206. 
of  Western  lAke  S.  dist.,  336-340. 
of  St.  Croix  dist.  391-428. 
economic  considerations  of,  203-206, 
857, 894, 395. 
Cost  of  sinking  shafts,  360. 
Cranberry,  Lake,  294. 
marsh,  2*.  4. 
river,  323. 
Credner,  Dr.,  446,  459,  461,  463,  466, 
467,  619.  639. 
also  quoted  in  Mai.  Brooks*  Rept., 
431-542. 
Crooker,  Ralph,  552. 
Crowell,  W.  S.,  359. 
Crystalline  beds.  Keweenaw  series,  391. 

limestone,  511,  692. 
Cnrry  Mine,  671. 
Cyclops  Mine,  671.  687. 


D. 

Dalles,  of  Frog  creek.  410. 

of  St  Croix  riyer.  416.  419. 
Dana,  J.  D.,  498.  500.  529,  606,  637. 
Daniells,  W.  W.,  54.  ^8, 136. 

frequently  quoted  in  Mig.  Brooki'  Re- 
port, pp.  451-542. 
«*Damell8,'^the,409. 
Datbe,Mr^622,623. 
Dawson,  G.  M.,  389. 

Decomposed  diabase,  456,  518,  564,  584« 
626, 627,  706. 
diorite.  630. 
Deposition,  St.  Croix  dist,  387. 
Des  Cloiseanx,  30. 

Description,  detailed,  of  local  formatioDs, 
St  Croix  dist.  399. 
of  dipping  needle  and  solar  dial  com- 
pass, 243. 
general,  of  indurated  formaUoo,  St 

Croix  dist.  390. 
of  geological  section  A  A..  Pine  and 

I\)plar  rivers,  477. 
of  geological  section  BE.,  Pine  and 

Poplar  rivers.  478. 
of  sur&u^e  features  Upper  St  Croix 

dist,  377. 
of  fypical  rocks,  Menominee  Iron  re- 
gion, 533. 
Descriptive  lithology,  611. 
Desor,  Mr.,  443. 
Detour,  the,  69. 
DeviFs  Gnt,  472. 

series,  442. 
Devirs  Island,  75, 76. 
Dewey,  Dr.  C,  527. 

Diabase  8, 12. 13. 14, 15,  18,  19.  22.  29. 
31,  37,  8!<,  40,  41.  42,  43,  167.  168. 
171, 177, 181, 182, 199, 204,  233, 237, 
265. 267,  284, 401-428, 453, 470. 47H. 
517. 520,:521, 522,  532, 564, 565. 569, 
570, 574,  575,  625, 627, 628, 697, 698, 
704. 
description  of,  31,  621-627. 
special  description  of  in  £.  Lake  S. 

dist.,  183-193. 
amygdaloid,  12, 13, 167, 163, 178, 181, 

182. 199,  204,  205. 
altered,  40, 521,  626.  706. 
altered  quartz,  585,  626. 
coarse,  625. 
crysoUtic,  29. 
decomposed,  456.  518,  564,  575,  584, 

626,  627. 
micaceous,  485. 

pseudo-amygdaloidal,  38,  41,  42. 
quartz,  626. 
uralitic  31.  38. 
Diagram   of  iron  ores    and  awociatod 
rocks.  501. 
of  clay  slates.  513. 
of  chloritic  schists,  517. 
of  greenstone,  519. 
of  hornblende  rock,  524. 
of  qoartzite,  508. 


Digitized  by 


Google 


INDEX. 


Dial  compafls,  245. 

aooeasories,  245. 
applicatioD,  246-247. 
Diamond  drill.  682. 
Difficulties  of  investigatioii,  435. 
Diorite,  6. 105, 118,  138,  140,  148,  151. 
171,  173,  174,  227,  265,  268,  269, 
283,  284,  286,  287,  289,  453.  454, 
456,  470,  471,  482,  485,  493,  497, 
520.  521,  522.  566,  627,  628,  629, 
630.  704, 10b,  706,  725. 
altered.  629.  630.  706.  707. 
altered  micaceous.  473. 
altered  quartz.  583. 
augitk,  38.  39. 
chtoritic.  707,  708. 
chloritic  horablende,  707. 
decomposed.  630. 
micaceous,  484. 
porpbyritic,  706. 
<|uartz,  626.  629. 
Dionte-gneiss.  6!^. 
-greenstone,  495. 
-porphyry,  629,  706. 
-sch^t,  105. 
-schist,  chloritic  495. 
-wacke  chloritic,  575* 
Dioritic  schist,  467. 
Dippin^r  compass.  244. 
Dipping  needle,  243,  244,  281. 

^ot  24^247. 
Dips  of  needle  in  passmg  magnetic  belt, 

246. 
Disintegrated  ochrcy  hematite,  549. 
Districts,  Lake  Supenor.  Eastern,  1. 
Lake  Superior,  Western,  304. 
Menominee  Iron  Region,  429. 
Upper  St.  Croix,  364. 
Sub-districts  — 
Clam  Falls.  399.  412-415. 
Numakagon.  309-401 
Paint  river,  431. 
Pine  river,  431. 
St  Croix  Falls,  399.  415-42:3. 
N.  St  Croix.  399.  424-428. 
Sturgeon  river.  431. 
Totagatig.  399.  401-412. 
Dividing  ridge.  312. 
Diyisions  of  qnaternaiy  deposits,  St. 

Cioix  region.  384. 
Dolomite.  594.  608,  612-613. 
coarse  red.  613. 
siliceous,  613. 
siliceous  rosy,  613. 
salmon-colored,  539. 
Penokee  region,  275. 
Dolomite  marble,  538.  561,  593. 
gray  fine  grained.  561. 
mottled  pmk,  538. 
Dolomitic  limestone.  250. 
Doaglas  Coanty,  9. 10. 15. 16.  23,  54, 55, 
172.  196.  2U7.  306,  357,  367. 
copper  range,  306. 
mmes.  Fond  du  Lac,  357. 
Percival.  357.  361. 
Prehistoric  3)8. 
Wisconsin,  357,  360. 
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I,  E.  Lake  S.  diit,  80. 


Drainage  system,  E.  Le 

W7likeS.di8t,808. 

St  Croix  diit.  872. 
Drift,  boulders,  limestone.  888,  889. 

deposits,  211, 333,  382. 

direction  of  movement,  852,  870, 882. 
Dnnn's  Camp,  410. 
Dykes,  331,  ^,  335,  456. 


E. 


Eagle  Bluff;  Osceola,  896,  897. 
Kagle  Island,  73.  76. 
Eagle  Mine,  492,  503,  505,  .506,  688,  684, 
726. 
locks,  481. 
Eastern  Lake  Soperior  District,  51. 

altitudes  in,  76-80. 

Apostle  Islands  of.  61-72. 

aitesian  wells  in,  88. 

Bayfield  highland  of,  61,  69. 

coast  features  of,  70. 

drainage  system  of.  80. 

field  work  m.  54,  56. 

former  surveys  of.  57. 

Huronian  of,  100-166. 

interior  of,  61. 

Keweenawan  of,  167-206. 

Laurentian  of,  92-99. 

lowland  area  of,  61-69. 

mountainous  belt  of.  61,  62. 

topography  of.  60.  91. 

vegetation  and  soils  of,  89. 
Ean  Claire  lakes,  14. 
Earthy  purple  hematite  schist,  562. 
Eclogite,  see  Eklogite. 
Economic  considerations,  894. 

copper  series,  20:^206.  839,  894. 
Economic  geology,  93. 152-163, 203-206. 
209,210.35^.394,667-687. 

importance  of  magnetic  attractions, 

Edward,  Cant  Jas.,  360. 
Eklogite,  526.  545.  596.  649. 
Eklogite  schist,  105. 118, 119. 128. 
Elevations,  812,  313,  314,  315;  see,  also, 
Altitudes. 
of  Lake  Superior  sandstone,  351. 
of  Bayfield  peninsula,  386. 
EUwood  Mine,  493. 
Embarrass  River,  388. 
Emmerton,  F.  U.,  550. 
Emmett  Mine,  667. 

Enclosures,  fluid.  249.  255,  268, 600,  602. 
halite,  255, 268,  600. 
saline,  721. 
carbonic  add.  600. 
English  Lake,  55.  68, 100, 104,  144, 145. 

146.  147,  179. 
Epidote.  607. 

also  frequently  mentioned  on  pp.  865- 
428. 
Equivalency  of  Huronian  strata,  447- 
449. 
of  Marquette  and  Penokee  Hoxxmian 
regions,  163-166. 
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Erosion  of  St.  Croix  basm,  367-870. 

poet  glacial,  875. 
Eraptive  rocks,  7,  8, 16. 

»ee  Coffer- Beabino  Series. 
Knrite,  659. 
Eureka,  Tp.,  080. 

Explanation  of  ne^tive  dip,  246. 
Expenditures  in  mining,  867-859,  360, 

361. 
Extent  of  Hnronian  basins,  447. 


F. 


Fanlt  at  Penokee  Giip,  150, 152. 

Pav,  Geo.  A.,  433,  4^8. 

Pelsitic  porpliyry,  190,  192,  193,  195- 

198. 
Peldspar,  601. 

frequently  mentioned  in  lept  on  St 
Croix  dist.,  855,  428. 

also  in  rept.  on  Menominee  iron  re- 
gion, 431-734. 

method  of  determining.  30. 
Peldspatliic  chlorite-scbist,  485,    54S, 
588,647. 

cbloritic  schist,  711. 

gneiss,  red,  537. 

greenstone  schist,  492. 

hornblende  rock,  472,  473,  644.  703, 
706. 

hornblende-schist^  642,  643,  644,  707. 
altered,  643,  705. 

mica  schist,  576,  6:36,  696. 
Permginous  actinolite  schist,  619. 

argillaceous  shale,  386. 

cherty  schist,  456. 

chlontic  slaty-schist,  710. 

clay-slate,  brown,  4  6. 

crystalline  limestone,  514. 

granite,  514. 

greenstone,  493. 

quartz-schist,  490. 

schist,  kaolmic,  595. 
banded,  715. 

siliceous  schist,  487. 
Field  work,  54-56. 
Figures,  list  of,  000. 
Fine-ffrained  chloritic  greenstone,  486. 

dolomite  marble,  561. 

gneiss,  573. 

granite,  531. 

hematite  schist,  537. 

magnetic  ore,  551,  552. 
Pishcreek,  71,  209. 
Fisher,  H.  D.,  490,  582,  590,  679,  683. 
Flag  Iron  ore,  46  <,  715. 

acUnolitic,  597. 
FlsLggy  mica  schist,  494. 
FlaK  river,  16,  323. 
Flambeau  river,  61,  87. 

trail,  61, 87,  149,  168, 178, 189,  190. 
Fond  du  Lac,  16,  19. 

mine,  357,  359. 
Formations  of  Western  L.  Superior 
Dist,  533. 


Formations  ~ 

Brooks  A  Wright,  Menominee  region. 
Bed  I,  439,  tfl. 
II,  439,  441,  508. 

III,  439,  447. 

IV,  439,  447. 
V,  439,  447. 

VI,  439,  440,  447. 

VII,  447. 

VIII,  447. 

IX,  447. 

X   447 

XI,'  447;  520,  729. 
XII,  447.  502,  727,  728. 

XIII,  447,  501,  727. 

XIV,  447.  479,  481,  487,  503.  508. 
XV,  447,  456,  470,  480. 

XVI,  441,  447,  454,  455,  456,  470. 

480,  482,  493,  725. 
XVII,  447,  454,  470.  471,  472,  478. 
482,  493.  494,  724. 
distribution,  454. 
XVin,  447,  470,  478,  479,  482,  493, 
494,  495,  497.  724. 
XIX,  447,  452,  469,  478,  494.  495. 
distribution  and  character,  453. 
XX,  446, 447, 452, 469, 472, 719, 724. 
general  description,  451. 
See,  also,  Huron i an. 
Forest  trayelin^ ,  306. 
Foster  and  Whitney's  report,  19, 20, 51, 

5:32.  632. 
Four  Foot  Falls,  457,  580. 

section  of,  475. 
Pros:  creek,  409,  410. 
bay,  72. 


G. 


Gabbro,  6,  8, 10, 12, 13,  22,  29, 31. 37, 39, 
40,  41,  145,  147,  148,  167v  168-182, 
474,  563. 

special  descriptions,  35,  37,  168,  182. 

hornblende,  39.  563. 

uralitic.  31.  38,  39. 

range,  67,  68.  91. 
Galena,  a58. 

Game.  L.  Superior  dist,  329. 
Garnet,  608. 

rock,  595,  699. 
Gametiferous  actinolite  schist.  596. 

chloro-mica  schist,  491,  579,  695. 

magnetite  ore,  715. 

mica  schist,  495,  727. 

quartzite,  614. 

rock,  526. 

Huronian  series  N.  of  Penokee  Gap, 
240,  301. 
Geology  of  Eastern  Lake  Superior  region, 
51,  238. 

Western  Lake  S.  region,  304-363. 

Menominee  iron  region.  429-734. 

Upper  St.  Croix  dist.  364-427. 
Geological,  formations  L.  Sop.  dist,  330. 

cross  section  Penokee  Iron  Range,  248. 

distribution  of  rocks,  Menominee  dist, 
438. 
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Geological  history  of  the  L.   Superior 
trough,  25. 

stmcture  of  northern  Wisconsin,  3. 
Glacial  drift,  211,  833. 

action,  L.  Superior  dist.,  316. 
St.  Croix  valley,  370. 

marks  or  strise,  352,  382,  383,  412, 
413,  415,  422,  457. 

movements  W.  of  L.  Superior.  352. 
Glacier  of  ^.  W.  Wisconsin,  383,  385. 
Gneiss,  5, 6, 20,  84,  93,  94, 95,  96,  99, 106, 
107,   150,  152,  19:5,  212,  473,  490, 
529,531,573,595,630,631. 

aogen,  530. 

biotite,473,  491,  530. 

biotite,  granitoid,  530. 

chloritac,  6,  33.  662. 

granitic  531.  537. 

granitoid,  530. 

hornblende,  430,  661. 

hydro-micaceoud,  473. 

mica,  473,  576,  595,  662,  690. 

porphjrritic,  631,  706. 

protogine  conglomerate,  530. 

pyritiferous  biotite,  530. 

quartzose,  473. 

red  feldspathic,  537. 

sericite,  430,  454,  595. 

slaty,  496. 

syenitic,  482. 
Gneisses,  Penokee  region,  249. 
Gneissic  slate  chlorite,  473. 
Gnomon,  242. 

Gogebic  Lalte,  19,  20,  22,  23, 163, 164. 
Gogogashngan  River,  56, 64,  67, 87,  88, 
98, 116,  131,  162, 178, 184, 185,  189, 
196. 
Gold  and  silver  in  Breen  mine,  669. 
Granite.  5,  6, 11, 13,  20,  85.  93,  96,  108, 
137,  145,  147,  152,  167,  1^8.  171, 
174,  179,  181,  193,  197,  212,  400, 
472,  497,  531,  575,  619,  662,  716, 
717,  720. 

apUte,  619. 

blackish  fine-grained,  531. 

ferruginous,  514,  574. 

hornblende,  662. 

upper  or  youngest  Huronian,  452, 469, 
719,  720. 
Granites,  Huronian,  255,  300. 

Laurentian,  733. 

Menominee  region,  452,  469. 

Penokee  region,  248,  282. 
Granitic  porphyry,  178,  195. 
Granitoid  gneiss,  538. 
Grannlar  limestone.  593, 611,  692. 

magnetic  ore,  551. 
Granulated  biotite  schist. 

chlorite  slate,  49^3. 
Grannliferons  specular-iron  schist,  537, 

554. 
Graphitic  schist,  484. 
Gray  black  hornblende  schist,  497. 

fine  grained  dolomite  marble,  561. 

hornblende-schist,  497. 

gneiss,  474,  531 

granite,  531. 


Gray  quartz  conglomerate. 

quartzite,  micaceous,  490. 
mottled  massive,  490. 
Grayish-white  quartzite,  509. 
Greeley's  Camp,  278. 
Green  porphyry  or  serpentine,  570. 
Greenish  quartzite,  542. 
Greenstone,  9, 20, 453. 454. 455,  456,  457, 
470,  482,  486,  518,  691. 

range,  58. 

diagram  of  greenstones,  519. 

aphanitic,  453. 

chloritic  hornblende,  473. 

ferruginous  fine  grained,  493. 

fine  grained  chloritic,  486. 
Greenstone  schist,  105,  144,  231,  486, 
492. 

feldspathic  492. 

fine  ^ined,  486. 

pyritiferous,  485. 
Groovings,  glacial,  see  Glacial  Stbia. 
Gumbel,  Dr.,  624. 
Gurley,  W.  &  L.  E.,  241. 
Gull  island,  73,  74. 

H. 

Hagerman,  J.'J.,  666,  672,  687. 

Hall,  James,  58. 

Halsey,  N.,  443. 

Hard  magnetic  ore,  552. 

slaty  cnlorite  schist.  497. 
Hardwood  timber,  258,  259,  264.  266. 
267, 268, 277, 279,  2b0, 231, 377,  i^Sl. 
Hausmann,  6*22. 
Hay  meadows,  379-381. 
Hematite,  500,  501,  502,  505,  590,  610, 
683,  684,  715. 

hard,  715. 

disintegrated  ochrey,  544,  oiO. 

magnetic  siliceous,  543. 

manganiferous  ochrey,  544. 

red,  590. 

specular,  504. 

shale,  earthy  purple,  562. 

slate,  soft  purple,  590. 

-schist;  491,  537. 

magnetic  brecciated,  552. 
ochrey,  550. 
Hemlock  bark,  328. 

Island,  75. 
Hermit's  Island,  74. 
He3rward,  A.  A.,  353. 
Hey  ward,  Mrs.,  358. 
Higgins*  Island,  75. 
History  and    description  of   copper 

mines,  Douglas  Co.,  358. 
Hodge,  James  T.,  57. 
Hogan,  Thos.,  308. 
**  Hole  in  the  Wail,"  411. 
HolopeaSweeti,396. 
Hornblende,  605. 

diorite,  707. 

chloritic,  707. 

gabbro,  10, 19,  39, 147,  170, 177, 179, 
180. 
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HDrnblende,  gneiss,  6,  94,  97,  43),  530, 
631,  702, 722. 
gametiferous,  721. 
porphyritic  632,  707. 
greenstone  chloritic,  473. 
mica8chi8t,577,  635,  703. 
Hornblende  rock,  137,  288,  497,  505, 
524,  541,  542,  547.  585.  586,  640, 
641,641.691,702,703,729. 
altered.  704. 
black,  490,  497. 
chlotitic,  704. 
coarse,  497. 
diagram  of,  524. 

feldfiroathic,  472,  473,  644,  703,  706. 
Penokee  region,  252. 
porphyritic,  703. 
slate,  497. 
slaty  schist,  701. 

schist,  21.  479.  484. 494, 407, 567, 586, 
640,  641,  642,  643,  644.  645.  691, 
696.  697,  698,  700-702,  708,  710. 
diagram  of.  524. 
altered.  643. 
black,  479,  572. 
calcareous.  645,  714. 
chloritic.  700. 
feldspathic,  641.  642,  644,  705. 

707. 
gray.  497. 

micaceous,  547,  564,  587,  642. 
quartzose,  517. 

magnetic  592. 
quartzy,  701,  702. 
Homblendic  biotite-gneiss,  474. 
biotite  schist,  484. 
gneiss,  722. 

schist,  459,  525,  645,  661. 
syenite,  567. 
Hom8ton^510. 

breccia,  572,  656. 
Honffhton,71. 

Honghton  Point.  71.  72.  210. 
Hudson's  Bay,  388,  389. 
Hnlst,  Mr.,  463. 

Hunt,  T.  Sterry,  500,  529,  532.  534. 
letters  on  iron- bearing  rocKs,  etc.,  of 
L.  Superior,  657. 
Huronian  Imsin,  area  of.  449. 
Huronian  rocks,  4. 11, 13, 18. 19, 55.  57, 
66,  85.  100-166. 167.  168,  171,  172, 
175,  178. 189.  192,  194,  212. 
see,  also,  Hubonian  Series. 
general  summary  of,  in  L.  Superior 

re^on.  6. 
of  the  St  Louis  river.  17,  334. 
unoonformabiiity  of,  with  Eeweenaw- 

an,  21,  22. 
of  Eastern  L,  Superior  Region^  160- 
166. 
age  of,  7, 19. 

economic  geologr  of,  152, 163. 
formation,  1, 100. 

II,  las. 

III.  112. 

IV,  118. 
V,  136. 


Hnroniui.  formation  VI,  137. 

VII  to  IX.  138. 
X  to  XII,  139. 

XIII,  140. 

XIV,  141. 

XV  to  XVm,  142. 
XIX,  144. 
XX,  144. 
XXI,  145. 
lithology  and  stratigraphy  of,  103. 
stratigraphical  synoptos  of,  105. 
thickness  of,  103. 
equivalency  with  Marquette   series, 

163-166. 
Menominee  region.  See  Forxatioxs, 
of  region  west  of  Penokee  Gap  — 
formation     IV  to  VI,  250. 

VII,  IX  and  XI.  251. 
VIII  and  X.  252. 
XII  to  XV,  25:1 
XVI  to  XIX,  254. 
Enronian  series  west  of  Penokee  Gap» 
240-301,  330.  399,   434,  435,  43 ^ 
439,  658. 
introduction.  240. 

dipping  needle  and  solar  compaaa,  and 

method  of  employing  them.  243-247. 

geological  cross  section  of   Penokee 

iron  range,  248-256. 
special    examination    Penokee    iron 
range  west  of  the  ffap,  257-301. 
Huronian  slates  of  St  Louis  R.,  334. 

thickness  of,  447. 
Hyde,  Capt.  Welcome,  677. 
Hydrographic  features,  316. 
Hydro-mica,  473. 
trap,  523. 


Igneous  rocks,  390,  391,  393.     (All  the 
Keweenawan    crystalline     rocks 
(which  see)  are  reg^kided  as  igneous.) 
Illustrations,  list  of. 
Inclusions,  carbonic  acid,  600. 
fluid,  249.  2.55.  268,  600.  602. 
halite,  225,  268,  600. 
saline,  721. 
Index,  alphabetical,  to  rocks  of  Tymcal 
Suite,  Brooks*  CoU.,  534. 
to  specimen  numbers,  rocks  of  Me- 
nominee region.  7o5. 
Indian  reserration,  69. 
Instructions,  letter  of.  53. 
Interior  lakes,  W.  Superior  distnct,  317. 
Introduction,  general  — 

to  report  on  E.  Lake  S.  dist,  53. 
on  W.  Lake  S.  dist.,  305. 
on  region  W.  of  Penokee  Qap,  241. 
on  Menominee  Iron  Region,  4il. 
on  Upper  St.  Croix  dist,  365. 
Iron  belta,  Menominee  region,  432. 

south,  462. 
Iron  Mines— 

Marquette  region  — 
Champion,  682. 
lihpeming,  682. 
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Iron  Mines  —  (continued). 

Marquette  region — (continued). 

Wintiirop.  682. 
Menominee  region  — 
Bi'een,  667. 
Breitung,  504. 

Commonwealth,   481,  483,   505, 
679. 
.    Curry,  671. 
Cyclops,  671. 
Eagle,  683,  684. 
Emmett,  667. 
Keyes' Paint,  486. 
Norway,  671. 
Saginaw,  671. 
**  Sec.  32,"  604, 506,  682. 
Vulcan,  669,  670. 
New  Vulcan,  671. 
Iron  ores,  6,  54,  55,  56,  119,  132,  ia3, 
152, 153-163, 165, 461, 485,  667-€»7, 
729. 
classification  of.  500,  501. 
diagram  of,  501. 
origin  of,  464,  671. 
actmolitic  flag,  597. 
flag,  463,  464,  597. 
granular  specular,  597. 
specular,  see  Specular  Ores. 
Iron  River,  16,  201,  206,  323. 
Ironton  trail,  55,  56,  176,  196. 
Iron  wood  Island,  75. 
Irving,  R.  D.,  1,  29,  51,  257,  263,  309, 
316,  446,  448,  449,  450,  453,  507, 
511,  531,  553,  599. 
collection,  40. 
Ishpeming  mines,  682. 
Islands  Rapids  beds,  497. 
Isle  Royale,  19. 
Ives,  Frank,  322,  324. 


James  Bay,  388. 

Jaspers,  510. 

Jasper  schist,  506,  615. 
banded,  571. 

Jaspery  schistose  specular  iron,  559. 

Jenny,  F.  B.,  55,  58,  463, 541. 

Jnlien,  Alexis  A.,  57.  107, 122, 136, 139, 
140,  146,  168,  173,  176,  224,  438, 
453,  515,  519,  520,  605,  614,  619, 
646. 
frequenUy  quoted  in  Maj.  Brooks*  re- 
port, 431-^99. 

Junction  of  Potsdam  and  Eeweenawan 
formations,  St.  Croix  Falls,  417, 418. 
of  Superior  sandstone  and  Keweenaw 
rocks,  Douglas  county,  343-345. 


Kalkowsky,Dr.,  606,  621. 
Kaolinic  ferrni^uons  schist,  495. 
Kankanji:an,Tbe,  55,  71. 


Kettle  moraine,  315. 

St.  Croix  dUt.,  375,  384. 
W.  Lake  Superior  dist.,  354. 
range,  212,  384. 
river,  18,  396,  427. 
"Kettles," elevations  of,  314. 
Kerr,  Prof.,  555,  661,  582,  594. 
Kersantite,  472,  474,  490,  494,  519,  522, 

523,  597. 
Keweenaw  Bay,  60. 
beds,  368. 

Point,  8,  9,  19,  20,  23,  60,  l68,  172, 
176,  184,  204. 
Keweenawan  rocks,  4, 6, 16, 18.  56, 100, 
102,  103,  145,  147,  149,  153,  167- 
206. 207, 368, 391.  See,  also,  Kewee- 
nawan Series. 
ajg^e  of,  19. 
classification  of,  29. 
nonconformability  with  Huronian,  21, 
22. 
Lake  Superior  sandstone,  22,  23. 
Potsdam  sandstone,  417, 418. 
lithology,  system  of <  29,  49. 
of  the  Eastern  Lake  Superior  district, 
167-206. 
economic  geology  of,  203-206. 
lithology  and  stratigraphy  of,  161- 
167. 
Keweenawan  series,  location  and  de- 
scription, 330,  391,  399,  400,  401, 
416,  417,  418,  434. 
Keweenawian,  660. 
Keweenian,  660. 
Keyes*  Lake,  431,  679. 
Paint  mine,  486. 
and  Fisher's  location,  580,  582. 
Kimball,  C,  359. 
Kinds  of  rock,  Huronian,  447. 

Menominee  region,  4^57. 
Kin|c>  Clarence,  36. 
Kloos,  Prof.,  37,  421. 
KniRht,  Fred  J.,  433. 
Knop,  Dr.  A.,  617. 


Labradorite,  30,  31. 
Lacustrine  clays,  212. 
Lake  Eliza,  431,  445,  481,  485,  504,  679. 
rocks  of,  483. 
Hanbury,  450,  461. 
Komon,  679. 
Long,  384. 
Loon,  431,  679,  729. 
Superior,  367, 368. 

fluctuations  in  level  of,  316. 

origin  of,  316. 

purity  of  water,  317. 

region  of,  369. 

temperature  of,  317. 

sandstone,  4,  5, 15,  163, 167,  207, 

833   850 
in  E.  'Lake's,  dist,  207,  210. 
in  W.  Lake  S.  dist,  350-353. 
economic  geology  of,  15. 


Digitized  by 


Google 


752 


INDEX. 


Lake  Superior,  Bommary  description  of,  15. 

of  the  WoodP,  389. 
Lakes,  378,  380. 
of  Barrens,  374. 
drift.  375. 

of  Kettle  moraine,  375. 
of  Upper  St.  Croix  dist.,  374. 
of  Western  L.  Superior  dist.,  816. 
without  outlet,  372,  385,  386. 
Laketon,  Tp.,  381. 
Landscape,  382. 

Lapham,  I.  A.,  51,  54,  154,  306,  431, 432. 
Lapis  Hebraicns,  602. 
La  Pointe,  72. 
Lanmontite,  400. 

also  frequently  noted  in  report  on  St. 

Croix  district,  365-428. 
frequently  noted  in  report  on  W.  L. 

Superior  district,  336-350. 
frequently  noted  in  report  on  E.  L. 
Superior  district,  167-206. 
Laorenttan  rocks,  4,  5,  13,  19,  92-99, 
101,  106,  107,  108,  116,  150,  152, 
153,  181,  193. 
age  of,  5, 19. 

see,  also,  Laurentian  Series. 
of  E.  Lake  S.  district,  l»2-99. 
summary  description  of,  5. 
of  Michigan,  661 ,  663. 
Laurentian  series,  248,  330,  399,  400, 

434,435,443,658,733. 
LeafHills,  Minn.,  385. 
Letter  of  transmittal,  T.  B.  Brooks,  430. 
T.  C.  Chamberiin,  iii.' 
C.  E.  Wright,  666. 
Leucoxen,  624. 
Lignite,  St.  Croix  district,  388. 
Leihy's  Mill,  202. 
Lime,  398. 

Limestone,  6, 104, 106. 107, 108, 226, 511, 
611. 
boulders,  388. 
argillaceous,  511. 
conglomeritic,  511. 
crystalline,  511. 
ferruginous  crystalline,  574. 
granular,  593,  611. 
Lower  Magnesian,  397. 
micaceous,  511,  594,  612. 
siliceous,  511.  593.  612. 
Limonite,  500, 501, 502, 506, 610, 618, 684. 

acUnolitic,  618. 
Limonitic  quartz  schist,  544. 
Lincoln  county,  61. 

Tp.,  379. 
Liujculepis  pinnaformis,  397,  417,  418. 
List  of  institutions  to  which  suites  of  typ- 
ical rocks  from  L.  Superior  region 
were  sent,  5:^3. 
of  rocks  found  in  Eeweenawan  se- 
ries, 31,  44-49. 
of  trees  and  shrubs  of  L.  S.  dist,  329. 
Litboffraphic  plates,  xxv. 
LitholoKy  of  Uuronian  system,  103,  500, 
600,  603,609, 690. 
of  the  Keweenawan  system,  28,  29, 
49,397. 


Litholoii^  of  the  Menominee  region,  G90. 
outlme  of  woric  in  the  £.  Lake  S. 

dist.,  56. 
of  oystalline  roda  of  St  Croix  re- 


gion, 421. 
a  Pol 


Little  Potato  River,  54, 137. 
LiUle  Quinnesec  Falls,  442. 
Local  details,  Eeweenawan  series,  Doug- 
las Co.,  340,  350. 

E.  L.  Superior  dist 

Menominee  region,  451. 

St  Croix  dist..  399-428. 
Logan,  Sir  William,  21,  22,  23. 
Long  Lake,  13,  83.  384. 
Long  Portage  trail,  496. 
Loun  Lake,  431.  679,  729. 
Loraine,  Tp.,  379. 

Lower  Huronian,  Menominee  region.i'^. 
Lower  Magnesian  limestone,  373,  396. 
Lower  Silurian.  433,  434. 
Lowland  area,  69. 
Luck,  Tp.,  380. 
Lucy  Furnace  Co.,  687. 
Lumber,  327. 
Luster  mottlings,  33,  402. 


M. 

Macfarlane,  658. 
Madeleine  Island,  72.  73,  74. 
Madison  sandstone,  396. 
Magnetic  attractions,  260.  264, 265, 273, 
276,  277,  278,  279,   280.  281,  2*5, 
284, 480, 482,  486, 684, 686,  725, 726. 
source  of,  685. 

belU,  118. 150. 151.  153.  486.  684. 
Magnetic  actinolite  schist,  483,  485,  558, 
588.  639.  640.  715. 
anthophyllo-actinolite      schist    588, 

669. 
augite,  277. 

brecciated  hematite  schist  532. 
mica-schist  579,  635,  711. 
mica  slate,  540. 
ore,  285, 729. 

fine-grained,  551,  552. 
garmtiferous,  715. 
granular.  551. 
hard,  552. 
siliceous,  715. 
(quartz  schist,  555. 
siliceous  schist.  541.  543. 
Magnetites,  500. 501, 502.  503.  610 
also  often  noted,  pp.  249-289. 
also  in  copper  beanng  rocks,  400-428. 
Magnetite  scnist.  274.  617. 
actinolitic  617,  699. 
chloritic,  540. 
Magnetitic  quartzite,  102, 105, 118, 119. 
slate,  118,  126. 

pyritiferous,  479. 
schist  6.  84,  102,  105,  lia-136,  150. 
Malachite,  401,  403,  405^09,  414,  415, 

419,422,427. 
Manganiferous  ochrey  hematite,  544. 
anthophyllitic  schist  559. 
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Manitoa  Island,  75. 
Marble,  20,  285,  465,  511,  671,  692. 
bed  IV,  Penokee  region,  250. 
boalders,  442. 
dolomitic,  485,  512. 
siliceous,  670.  672,  674,  692. 
Marinette  Co.,  667. 

Mannffoain  or  Mareniro  River.  55,  66, 
67,  83, 84,  91, 96, 100, 101, 1<)8, 135, 
136,282,289. 
full  description  of,  84. 
Markin/!^  see  Glacial. 
Marl,  St.  Croix  dist.,  377,  388. 
Marshes,  276,  278,  279,  372,  377,  881. 

Upper  St.  Croix,  377. 
Marshland,  Tp.,  372. 
Martite  schist.  535. 
Marrine,  A.  R.,  29. 
Mashkeg  Fork,  8^3. 
Manvaise  River,  81. 
McClellan,  71. 
3IcKenney,  J.  H.  A.,  359. 
McKinlay,  Robt.,  43:3. 
Melaphyr,  8,  9,  10, 15, 18,  20,  23,  24,  38, 
41,  42,  519. 
frequently  mentioned,  pp.  399-428. 
described,  29,  31,  32. 
altered,  38,  41. 
dbtribution,  391. 
Menaccanite,  249,  264,  265,  266. 
Mendota  beds,  St.  Croix  dist.,  396. 
Menominee  iron  mines,  666,  687. 
ores,  666,  687. 
range,  667. 
extension  of,  719-734. 
Menominee  iron  region,  geology  of,  431- 
734. 
introduction,  431-436. 
Huronian  series  in  general,  437-439. 
description  of  Huronian  series,  439. 
comparison  of  the  Menominee   Hu- 
ronian with  other  regions,  447-449. 
local  details,  451-497. 
mineral  compositions,  transitions  and 
associations  of   Menominee   rocks, 
498-532. 
description    of    typical  rocks,    533- 

599. 
microscopical    studies    of    Huronian 
rocks  of  L.  Superior  (Wichmann), 
600-656. 
appendix  A,  letters  of  Dr.  Hunt,  657- 
660. 
B,    sketch    of    Laurentian 
rocks  of  Mich.,  661-663. 
economic  resources  of,  667-689. 
Uthology  (Wright),  690-718. 
western   and   southern   extension  of 
Menominee  region,  719-734. 
Menominee  region  — 

Lower  Huronian,  439-441. 
Middle,  441,  475. 
Upper,  441-444,  476. 
Menominee  Mining  Co.,  671,  672,  687. 
Menominee  River  K.  R.,  673. 
Method  of  employing  dipping  needle  and 
solar  dial  compass,  243. 

Vol.  hi  — 48 


Mica,  603. 

gneiss,  473,  661. 

schist,  6. 11, 20. 104, 105, 114, 145-149, 
168,  172,  179,  193,  2:32,  467,  480, 
490,  527,  558,  634,  635,  693,  695, 
696. 
calcareous,  636. 
chloritic  686,  695.  709. 
f eldspathic,  636. 
flaggy,  494. 
gametiferous,  495. 
homblendic  577,  635,  703. 
magnetic,  579,  635,  716. 
quartzose,  494. 
staurohtiferous,  559,  695. 
Mica  slate,  105, 137, 139, 141,  142. 
magnetic,  540. 
trap,orl[ersantite.  See  Eersaktite, 
597. 
Micaceous  argillite,  253. 
chiastolite  schist,  546. 
chloritic  schist,  584,  648,  696,  708. 

slaty  schist,  710. 
conglomerate  schist,  555. 
diabase,  485. 
diorite,  484. 

hornblende  schist,  547,  564,  587,  642. 
iron  schist,  553, 554. 
quartz  slate,  550. 

schist,  540, 549,  617. 
limestone,  594,  612. 
quartz  schist,  554,  592,  614,  693,  694. 

Penokee  region,  258,  262,  266. 
quartzite,  496. 
quartzose   conglomerate   schist,  473, 

491. 
slates  and  schists,  254. 
Microcline,  30. 
Microlites,  600. 
Michigan  Island,  73,  74. 
Microscopical  observations  on  rocks  — 
by  Allpert,  interspersed  on  pp.  5:33-599. 
by  Hawes,  interspersed  on  pp.  5:33-599. 
by  Irving,  interspersed  on  pp.  107-232. 
by  Pumpelly,  29-43. 
by  Rutley,  interspersed  on  pp.  533-599. 
by  TCmebohm,  interspersed  on  pp. 

53^-599.   • 
by  Wichmann,  600-656,  and  inter- 
spersed on  pp.  533-599. 
by  Wright.  690-718,  and  interepersed 
on  pp.  257-301,720-732. 
Microscopical  descriptions  of  ~ 
actinolitic  Umonite.  618. 
actinolitic  schist,  577,  587,  639,  698, 
699,  703. 
ferruginous,  619. 
gametiferous.  596. 
magnetic.  508,  588,  639, 640,  715. 
quartzy,  700. 
amphibole  rock,  697. 

chloritic,  698. 
anthophyUitic  schist,  manganiferous. 

559. 
anthophyllo-actinolite  schist,  588,  699. 
aphhte,  619. 
.  argillite  micaceous,  254. 
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Microscopical  description  of—  (con.) 
aagen  gneiss,  confirlomeritic,  598. 

micaceous,  57o,  645. 
augite-schist,  micaceous,  578,  645. 
biotite  schist,  granulated,  598. 
black  slate,  226. 
brown  wacke,  575. 
calcite,  6;-8. 

carbonaceous  slate,  560,  654. 
chert  schist,  615. 

chiastolite-schist,  micaceous,  548. 
chlonte,  607. 
chlorite-gneiss,  536,  633. 
chlorite-schist,  557,  565, 640,  646, 697, 
710,  711,  713. 

actinolitic,  589,  648. 

feldspathic,  548,  588,  647. 

micaceous,  584,  648,  696. 

quartzose,  647. 
chlohtic  diorite,  708. 

quartzite,  591,  615,  692,  693. 

schist,  708,  709. 
quartzose,  710. 
arenaceous,  710. 
calcareous,  711. 
feldspathic,  711. 

slate,  712. 

pyritiferous,  712,  713. 
chloro-argillaceous  slate,  714,  717. 
chloro-quartz  schist,  272,  286. 
chloro-mica  schist,  579,  695. 
chloro-siliceous  schist,  251. 
conglomerate  schist,  596. 

micaceous,  555. 
clay  slate,  542, 574,  650,  711, 712,  713, 
714. 

carbonaceous,  654,  715. 

bluish-^y,  650. 
crystalline  limestone,  574. 
diabase,  31,  32,  37,  38,  40,  41,  42,  43, 
2:33,  237,  265,  284,  517,  565,  569, 
574.  625,  627,  697,  698,  704. 

altered,  41,  521,  629,  706. 

decomposed,  564,  575,  584,  626, 
627,  706. 

homblendic,  267. 

pseudo-amygdaloid,  38,  41, 42. 

quartz,  626. 

uralitic,  38. 
diorite,  141,  173,  174,  2^,  251,  265, 
268, 269, 2a3, 284, 286,  287, 289, 522, 
566,  628,  629,  6^50,  704,  708. 

altered,  630,  707. 

augitic,  38,  39. 

decomposed,  630. 

porphyry,  629,  636,  714. 
diorite-gneiss,  632. 
dolomite,  608. 

coarse  red,  613. 

salmon  colored,  539. 

siliceous,  613. 

tremolitic,  275. 
dolomite-maible,  538,  561. 
dolomitic  limestone,  250, 275. 
eklogite,  545,  596,  649. 

schist,  123,  124. 
feldspar,  601. 


Microscopical  description  of —(con.) 
feldspathic  gneiss,  537. 
femi^ginous  schist,  715. 
flag  iron  ore,  597,  715. 
gabbio,  10, 35, 37, 39, 40,  41, 173, 174, 
175, 176, 178, 180, 181, 182, 183, 223^ 
237. 
garnet,  608. 
garnet  rock,  593. 

changed,  699. 
gametiferous  quartzite,  614. 
gneiss,  95-99,605,  631. 

porphyritic  631. 

sericite,  595,  63:3,  717. 
granite,  147,  255,  282,  288, 300, 575, 

619,  716,  717. 
granitic  porphjny,  196. 
granular  limestone,  593,  611,  692. 
hematite,  580,  610,  715. 

schist,  kaolinic,  553. 

magnetic  brecciated,  552. 
ochrey,  550. 
hematite  shale,  earthy,  562. 
hornblende,  605. 
hornblende  diorite,  717. 

chloritic,  707. 

gabbio,  38,  177,  179, 180. 

gneiss,  porphyritic,  632,  707. 
hornblende-rock,  137,  252,  288, 505. 
586.  641, 702,  703. 

altered,  704. 

chloritic,  704. 

feldspathic,  703,  706. 
hornblende  schist,  586,  640,  641, 642. 
643,  644,  645,  696,  697,  698,700, 
701,  702,  708,  710. 

black,  542. 

calcareous,  645,  714. 

chloritic,  700. 

feldspathic  642,  643,  644,  7W, 
707. 

magnetic,  592. 

micaceous,  587,  642. 

quartzy,  702. 
hornblende  slaty-schist,  701. 
homstone  breccia,  572,  656. 
jasper-schist,  506,  615. 
laspery-schist,  550. 
kersantite,  597. 
labradonte,  30,  31. 
limestone,  107,  225. 

dolomitic  250,  275. 

ferruginous  crystalline,  574. 

granular,  593,  611,  692. 

micaceous,  594,  612. 

siliceous,  612. 
*  limonite,  618. 

actinolitic  618. 
magnetite,  610. 
magnetic  ore,  552. 

fine-grained,  551,  552. 

granular,  551. 

sihceous,  715. 
magnetic    quartz-schist,    arenaceou*, 

555. 
magnetic-schist,  253. 
magnetite-schist,  617. 


Digitized  by 


cj 


INDEX. 


755 


Microscopical  description  of—  (con.) 
diloritic,  540. 
quartzose,  617. 
magnetitic  qnartzite,  109. 

martite-schist,  226. 
melaphyr.  9,  33,  38,  41,  42. 

altered,  38. 

porphyry,  421,  422. 
mica,  603. 

mica  gneiss,  576,  630.  631. 
mica  schist,  145,  146,  147,  148, 149, 
2:32, 556, 558, 573,  634, 635, 693, 
695,696,710. 

actinoUtic  617,  699. 

calcareous,  636. 

chloritic  636,  695,  709. 

feldspathic,  576,  636,  696. 

hornblende,  577,  6a5,  703. 

magnetic  577,  579,  635,  711. 

qaartzose,  635. 

quartzy,  702. 

staurolitiferous,  559,  695. 
mica-slate,  magnetic,  540. 
micaceous-iron  schist,  553,  554. 
micaceous  schist,  feldspathic,  262. 
mica  slate,  138,  140,  229. 

ma^etic,  540. 
muscovite,  603. 
novaculite,  539,  654. 
ochrey  hematite,  disintegrated,  544, 
549. 

manganiferous,  544. 
ochrey  hematite-schist,  550. 
ochrey  schist,  quartzose,  558. 
oligodase,  30,  31. 
olivine,  607,  624. 
orthoclase,  601.  623. 
phyUite,  654,  712. 
plumbaginous  schist,  582,  716. 

siUceous,  716. 
porphyry,  198. 

green,  570. 

non-quartziferous,  40. 

quartz,  40. 
porphyrite,  598,  599. 
porphyritic  gneiss,  631,  706. 
protogine  conglomerate,  561. 
pyrite,611. 
pyroxene,  605. 
quartz,  600. 
quartz  conglomerate,  692. 

gi-eenish,  582,  594. 
quartz  diabase,  626. 

altered,  585,  626. 
quartz  diorite,  583,  629. 
quartz  porphyry,  40. 
quartz  schist,  143,  144,  664. 

actinolitic,  615. 

arenaceous  magnetic,  555. 

chlontic,  259. 

limonitic,  544. 

magnetic,  614. 

micaceous,   254,  258,   262,   266, 
554,  592,  614,  693,  694. 
micaceous-iron,  540,  548,  617. 
specular,  697. 


Microscopical  description  of—  (con.) 
quartz-slate,  micaceous-iron,  550. 
quartzite,  142.  250,  614,  692. 
brownish  gray,  538. 
chloritic,  591,  692,  693. 
fine-grained,  greenish,  542. 
gametiferous,  614. 
micaceous,  614. 
quartzose  schist,  693. 
arenaceous,  693. 
chloritic,  694. 
talcy,  695. 
specular,  697. 
roofing  slate,  569. 
sandstone,  200,  201,  207,  208,  592, 

655,656. 
sericite  gneiss,  595,  632,  633,  717. 
schist,  556,  586,  636,  713,  714. 
serpentine,  568,  570,  617,  618,  713. 
siliceous  dolomite,  613. 
limestone,  612. 
marble,  692. 
schist,  616. 

magnetic,  541,  543. 
slate,  114,  115. 
specular  iron  schist,  551,  553,  554. 

granuliferous,  537,  554. 
specular  schist,  quartzose,  563. 
staurolitiferous  mica-sdiist,  695. 
syenite,  582,  620,  621. 

gneiss,  582,  632,  702. 
taJc,  604. 

talc  schist,  566,  648. 
magnetic,  648. 
talco-chloritic  schist,  711. 

slaty-schist,  712. 
talcose  schist,  713. 
talcy  quartzose  schist,  695. 
tourmaline,  609. 
tremohte,  604. 
tremolitic  dolomite,  275. 
uralite,  617. 
uraUte  dialmse,  38. 

gabbro,  38,  39, 172,  173, 174. 
viridite,  623. 
zircon,  609. 
Middle  Falls  Toto^atig  river,  406. 
Middle  Hnronian,  Menominee  region,441. 
Middle  River,  16,  17,  321. 

range,  213. 
Middletowu.  380. 
Mines  and  minings  operations,  357, 427, 

674. 
Mines,  Copper,  see  Copper  Mines. 
Iron,  see  Iron  Mines. 
of  Ashland  and  Douglas  Cos.,  305, 365. 
Mineral  composition,  etc.,  of  rocks  from 

Menominee  region,  498. 
"Mineral  indications,"  405. 
Mississippi  valley,  age  of,  370. 
Montreal  region,  394. 

river,  5,  7,  12. 14,  16,  22,  23,  55,  56, 
57,  60,  64,  67,  68,  70,  71,  81,  86,  90, 
91,  100, 102, 104,  131, 132, 148, 163, 
168,  171,  178,  184,  185,  189,  198, 
199,  201,  202,  205,  212. 
I         full  description  of,  86. 
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Monoclinal  ridges,  403,  411,  412. 
Montalban,  658,  660. 
Moose  Creek,  324,  358,  386,  424,  426. 
Moraines,  212. 

L.  Superior  district,  354. 

St.  Croix  diBtrict,  384,  385. 
Moss,  petrified,  374. 
Mottl^  quartz  conglomerate,  509. 

gray  c[uartzite,  490. 

argiliite,  decomposed;  529. 

pink,  dolomite  marble,  5:38. 
Mount  Whittlesey,  114, 115,  126. 
Mnnroe,  Mr.,  309. 
Murray.  658. 
Muscovite,  603. 


N 

Naumann,  637. 

Needle,  dipping,  use  of,  247,  237. 
Negative  dip,  explanation  of,  250. 
Nema4ji  River,  319. 
Nemakagon  Dist.,  399. 

Lake,  22,  56,  80,  118,  136,  163,  164, 
295,  298,  371,  384,  399,  400. 

River,  13.  80,  377,  378,  386,  399. 
Newberry,  J.  S.,  561. 
Newton,  W.H.,  321. 
Nickel,  345. 

Nicodemns,  W.  J.  L.,  vii. 
Nonconformability,  250, 255,  256. 
Non-qnartziferons  poi-phyry,  40. 
NormaUf  P.  L.,  59. 
North  American  Fur  Co.,  358,  359. 
North  St.  Croix  Dist.,  424. 

Twin  Island,  61. 

Wisconsin  R.  R.,  885. 
Norway  Mine,  504,  671,  687. 
Norwood,  Dr.,  61,  307,  320,  388. 
Novaculite,  6,  114,  538,  539,  654. 
Numbering?  of  Archeean  beds,  488. 
Numakagon,  see  NEMAKAOoir. 


O. 

Oak  Island,  73,  75. 
Ochrey  hematite,  544,  549. 

manganiferous,  544. 
Ochrey  schist,  argillaceous,  485 

cbloritic,  4S6. 

hematite.  550 

quartz,  487. 

quartzose,  558 

sericite,  486. 
Oconto  County,  430,  431. 
Odanah,  55. 

Ododawanonon  River,  389. 
Oliffoclase,  30,  31. 
OUvine.  607,  624. 

gabbro,  175. 
Ontonagon  region,  391,  395. 
Oolitic  structure,  2-54. 
Opinike  River,  83. 


Ore  deposits  and  mines,  L.  Sopenor 

dist.,  357. 
Ore  of  Breen-Quinnesec  Range,  464. 

ori^  of  uron,  671. 

actmolitic  flag-iron,  485,  597. 

fine-grained  magnetic  552,  557. 

gametiferoos  magnetite,  715. 

Cnular  magnetic  551. 
d  magnetic  552. 

hematite,  590. 

Paint  mine,  486. 

red  iron,  492. 

siliceous  magnetic  715. 
Origin,  of  Lake  Superior  trough,  4. 

of  phosphorus  in  iron  ores,  681. 
Orthoclase,  601,  62:^. 

fre^ently  noted  on  pp.  249-289,  399- 

Osceola,  373,  374,  380.  396,  416. 

mills,  374,  415. 
Otter  Island,  75. 
Outer  Island,  75. 
Owen,  D.  D.,  22,  58, 153,  154,  307,  322, 

349  397  448. 
Owen's  Report,  388,  452,  532. 

creek,  72 


p. 

Paint  Mine  ore,  486. 
Paint  River,  494. 

section  of,  492,  494. 
Parenthetical  numbers  explained,  58. 
Parker,  A.  A.,  359. 
Peat,  377,  387. 
Peminee  Falls,  453. 
Pendleton's  Camp,  299. 
Penokee  fault,  150-152. 

gap,  54,  55,  56,  66,  82,  89,  94,  106, 
108,  109,  114,  119,  12:3,  134,   136, 
137,  139,  140,  150,  248,  596. 
Penokee  Iron  Mine,  66,  134,  257. 

range,  6,  54,  55,  56,  61,  62-67,  82,  &4, 
86,  88,  89,  90,  92,  101,  102,  114, 
118-136,  137,  145,  150,  154,  155. 
172,  212, 243. 

full  topographical  description  of,  62-67. 

magnetic  belt  of,  II8-I06. 
Pcrcival,  J.  G.,  361. 

mine,  357,  361. 
Pericline  law  of  twinning,  602,  622. 
Petrified  moss,  374. 
Petrosilex,  659. 
Phosphorus,  678^  682. 

origin  of,  in  iron  ores,  681. 

See  Analyses  of  Iron  Ores. 
Phyllite,  5^0,  654. 
Pifi^eon  Lake,  401. 
Pine  timber,  279,  327,  329,  377,  381. 
Pine  Lake,  87. 
Pine  River,  88,  443. 

section  of,  477. 

district  of,  431. 
Pipestone,  117. 
Plagioclase,  31,  602. 
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Plagioclase  an^te  rocks,  29. 

crysolite,  29. 
PlambaATinoiis  schist,  582,  686,  716, 725, 

m,  729. 
Plambaffo  Mine,  487. 
Polar's  location,  481. 
Polishlnff.  glacial,  382. 
Polk  County,  367,  376,  384,  385. 
Poplar  River,  322. 

section,  477. 
Porcupine  Mts.,  19, 198,  212. 
Porphyry,  11. 12, 167,  181, 182, 183, 186, 
187, 190,  192, 193,  196,  212,  531. 
diabase,  29. 
diorite,  629. 
feisitic,  39,  40. 

red,  38,  39. 
green,  570. 
non-quartziferous,  40. 
quartziferous,  41. 
quartz,  40. 
Porphyrite,  598,  599. 
Porphyritic  gneiss,  631. 

plagioclase  augite  rock,  29. 
Portage  Lake,  204. 
Post  Cake  Dam,  734. 
Post  Glacial  erosion,  St.  Croix  dist.,  375, 
387. 
time,  375. 
Potato  River,  12, 55,  r,6, 65, 67, 68,  83, 84, 
97,  108,  116, 130,  131,  162, 177, 184, 
187,  196,  197,  198,  199,  200,  202, 
205. 
Potash  kettles,  312;  see  also  Kettles 

and  Moraines. 
Potholes,  315,  387. 
Potsdam  sandstone,  369,  373. 

St.  Croix  disi,  395, 416,  417,  418, 427, 

428. 
relations  to  Keweenaw  rocks,  416-419. 
Prairies,  St.  Croix  dist.,  376. 
Prairies  returning  to  forest,  376. 
Prairie  fires,  agency  of,  376. 
Preface,  v. 

Prehistoric  mines,  358. 
PresQU'isle  l*d,  78. 
Pi*evious  examinations,  153,  215-223, 

307. 
Prospects,  339. 
Protogine  conglomerate,  361. 
Pseudo-amygdaloid,  9, 10,  31,  32,  186. 

diabase,  38,  41,  42. 
Pumpelly,  Prof.  R.,  vii,  4,  8,  9, 10,  19, 
20,  22,  56,  57,  163,  169,  176,  177, 
179, 181, 182. 183, 184, 186, 187, 188, 
189,  191,  192,  337,  3^^,  366.  392, 
400,  407,  434,  459,  461,  465,  466, 
467,  519,  522,  609. 
on  lithology  of  Keweenawan  system, 
28. 
Pumpelly*8  Hill,  487. 
Pyrite,  m,  400,  427,  611. 
Pyritiierous  biotite  gneiss,  530. 
schist,  528. 
chlorite  slate,  712,  713. 
greenstone  schist,  485. 
Pyroxene,  605. 


Q. 

Quartz,  600. 

frequenUy  noted,  365-428. 
Quartz-conglomerate,  594,  692. 
black,  509. 
chlorite,  509. 
gray,  509. 

greenish,  512,  582,  594. 

mottled,  509. 
Quartz-diabase,  626. 

altered,  585,  626. 
Quartz-diorite,  583,  629. 

arenaceous  magnetic,  555. 

banded,  484,  489. 

banded  saccharoidal,  487. 

ferruginous,  490. 

ochrey,  487. 
Qur-rtz-porphyry,  11, 187. 

black.  599. 

red,  599. 
Quartzless  porphyry,  193. 
Quartz  schist,  6,  lOi,  121,  142, 150, 163, 
508,664. 

actinolite,  615. 

chloritic,  696. 

limonitic,  544. 

magnetic  614,  648. 

micaceous,  496,  554,  592,  614,  693, 
694. 

micaceous  iron,  540,  549,  617. 
Quartz-slate,  micaceous  iron,  550. 
Quartziferous  porphyry,  413. 
Quartzite,  6,  20, 104,  105, 108,  116,  117, 
118,   119,  123,  134,  142,  150,  164, 
190,  459,  460,  461,  466,  467,  481, 
491,  507,  508,  509,  542,  613,  614, 
692,  733. 

diagram  of,  508. 

bed  V.Penokee  dist.,  250. 

bed  XIV,  Penokee  dist.,  353. 

occurrence  in  Sturgeon  R.  dist,  508. 

arenaceous,  488,  592. 

brownish  gray,  538. 

chloritic  591,  615,  690.  693. 

gametiferous,  614. 

grayish  white,  509. 

Bght  brown,  509. 

magnetic,  614. 

micaceous,  490, 614. 

massive  gray,  490. 

white,  591. 
Quartzose  rocks,  503.  690,  692. 
Quartzose  schist,  693. 

arenaceous.  693. 

chloriUc  647,  694,  696, 697. 

chloro-talcy,  455. 

conglomentic,  491,  596. 

magnetic  hornblende,  592. 

magnetite,  617. 

mica,  635. 

ochrey,  558. 

specular.  563, 697. 

talcy,  695. 
Qnartzy  actinolite  schist,  700. 

hornblende  schist,  702. 
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Qaaternary  deposits,  E.  L.  Sap.  dist, 

St.  Croix  dist.,  382. 
W.  L.  S.  dist.,  359. 
Qainnesec  Falls,  442. 
region  of,  732. 
LitUe  Q.  falls,  442. 
mine,  667,  674,  687. 
village,  674. 


R 

Railroad    survey    to    Commonwealth 

mine,  682. 
Raindrop  impressions,  394,  425. 
Randall,  Dr.,  153. 
Ranees  and  towns,  see  Towns. 
Raspberry  bay,  72. 

island,  76. 
Red  ebalk,  505. 
Red  Cliflf  Bay,  72 
Red  dolomite,  613. 

felsitic  porphvry,  24,  38,  39. 
Relative  a^es  of  eruptive  rocks,  36. 
Resemblances  between  series  of  rocks  in 

Lake  Superior  region,  449. 
Reservoirs,  water,  372. 
Rice  Island,  75. 
Rich,  W.  W.,  66. 
Richthofen,  Baron  v.,  36,  196. 
Ripple  marks,  394,  425. 
Rivers  and  creeks,  W.  Lake  Superior 

dist.,  318. 
Roches  montonees,  92,  93,  211,  212. 
Rocky  Island,  75. 

llominger.  Dr.,  2:3,  24,  512,  529,  562. 
Roofinff  slate,  335,  569. 
Rosenbnscb,  H.,29,  194,  604,  607. 
Rosy  siliceons  dolomite,  613. 
Rntley,  F.,  frequently  quoted  in  Maj. 
Brooks'  report,  433-599. 


Saddle,  391. 
Saginaw  Mine,  571. 
Sahlite,  606. 

Sampling  for  analysis,  155. 
Sand  Bay,  72. 
Island,  72,  76. 
Portage  series,  442,  469,  471. 
Sandbergen,  609. 

Sandstone,  11, 12,  14, 15,  17,  18,  20,  167, 
184,  188,    190,    199-203,  207-210, 
406,  407,  434,  459,  461,  465,  592, 
616,  655,  656,  669,  673. 
of  Copper-bearing  series,  or  Kewee- 
nawan,  339,  349,  350. 
analysis  of,  350. 
local  details,  340. 
Lake  Superior,  311,  350,  351. 
age  of,  351. 
disturbed,  341,  344. 
Potsdam,  369,  395,  397,  416,  417, 418, 
419,  427,  428. 


Sandstone  —  (continued). 
Silurian,  461,  465. 
conglomerate,  424,  425. 
Sargent,  Gen.  G.  B.,  359,  361. 

Jas.  O.,  359. 
Sanssnrite,  56:1 
Schalstein,  731. 
Schists,  691. 

actinoUte,  483,  485,  525,  577,  587,  596, 

699,  700,  72:3,  728,  732. 
actinolitic  chlorite,  589,  648. 
anthophyllitic,  558. 
arenaceous  magnetic  quartz,  555. 
argillaceous,  461,  485,  487,  50d. 
banded  specular  iron,  550. 
black  hornblende,  572. 
calcareous  chloritic,  710,  731,  732. 
chert,  615. 
cherty,  4a5. 

chlonUc,  454,  456,  470,  471,  4^^'>,  490. 
497,  540, 557, 565, 58:1 7a^.  709, 7M. 
chlontic  arenaceous,  696,  710. 
chloritic  biotite,  493. 
chloritic  ochrey,  486. 
chloro- actinoUte,  727. 
chloro-argillaceous,  467. 
chloro-talcy  ouartzose,  455. 
feldspatbic  cnloritic,  485,   548,    5^. 
710,  711. 

hornblende,  641,  643,  644,  707. 

mica,  576. 
ferruginous  sihceous,  487. 
gametiferous  actinolite,  525,  596. 

chloro-mica,  579. 
granular,  specular-iron,  554. 
granulated  oiotite,  598. 
greenstone,  455,  485,  486,  492. 
hemaUte,  537,  617. 

hornblendic,  467,  469,  470,  479,  497, 
567, 572,  586, 640, 642,  644. 64\ 
661,  696,  701,  708,  710,  72:3. 

mica,  577. 

quartzose  magnetic,  595. 
hydit)-magnesian,  506. 
hydro-mica,  527. 
lasper,  506,  571,  015. 
kaolinic  hematite,  553. 
magnesian,  456. 

magnetic  actinoUte,  487, 525,  558,  588, 
596,  617,  639.  640. 

anthophyllite,  588,  669. 

brecciated  hematite,  552. 
siUceous,  541,  543. 
magnetite,  595,  616,  617. 
man^raniferous  anthophyllitic,  559. 
martite,  535. 
mica,  460,  467,  484,  526,  .V>6,  558. 

573,  577,  579,  6:U.  696,  730. 
micaceous  augite,  578,  645. 

chiastoUSc  543.  546. 

chloritic  57-2,  589,  647,  703. 

conglomerate,  491,  555. 

hornblende,  547,  564,  5S7,  642, 
727,  728. 

iron,  540.  553,  554,  617. 

ouartz,  540,  554,  592,  609. 
plambaginoos,  716. 
pyritiferoos  chloritic,  712,  713. 
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Schists  —  (continued). 

quartz,  487, 488,  490,  491,  510. 
quartzose,  693. 
quartzose  arenaceous,  693. 

chloritic,  647,  694,  710. 

conglomerate,  596. 

ochrey,  558. 

specular,  563. 
sericite,  461,  486,  556,  580,  6'36,  714. 
siliceous,  479,  510,  616. 

rrtzose,  697. 
iron,  5'37,  551,  553,  354. 

staurolitiferous  mica,  559. 

talc,  566, 648. 

talcose,  713. 

talco-chloritic,  710,  711. 

talcy  quartzose,  693. 

tremoRte,  453,  526. 
"Sec.  32  "  Mine,  4S9,  504,  506,  597,  682. 
Sections,  Big  Quinnesec  Falls,  472. 

Commonw(^th  and    Kagle    Mines, 
A-A.,  48a 
B-B.,  489. 

drift  on  St.  Louis  river,  355. 

Four  Foot  and  Twin  Falls,  475 

Islands  Rapids,  497. 

Little  Quinnesec  Falls,  469. 

Lower  Brul^,  Michigamme  and  Paint 
rivers,  A-A.,  492. 
B-B.,  494. 

Pine  and  Poplar  rivers,  A-A.,  477. 
B-B.,  478. 
C-C,  479. 

Sand  Portage  and  Devil's  Gut,  469. 
Sedimentary  rock,  406. 

See  Sandstone  and  Shale. 
Sericite,  503. 

gneiss,  529,  595,  633,  717. 

schist,  461,  586.  636,  713,  714. 
Serpentine,  456,  532,  508.  570,  618,  713. 
Shafts,  cost  of  sinking,  360. 
Sliale,  11,  12,  14, 167,  184,  190. 
Sheldrake  creek,  406. 
Shipping  ores,  667. 
Sliipment  of  ores,  667,671,  672,  676. 
Siliceous  dolomite,  613. 

limestone,  612. 

marble,  670,  672,  674,  692. 

magnetic  ore,  715. 

slate,  84, 9S,  105,  112-118,  150. 
Silurian  sandstone,  461,  465. 

of  Pine  River  district,  434. 
Silver,  201,  206,  358,  397. 

in  Breen  Mine,  669. 

on  Montreal  river,  201,  206. 

creek,  59,  192,  193,  197,  205, 212,  353, 
397. 
Sioux,  72. 
Siskowit  creek,  323. 

lake,  313. 

river,  16. 
Slates,  argillaceous,  486,  514,  581. 

blackish-gray  mica,  579. 

carbonaceous,  560,  582,  654. 

chiastolitic,  596. 

chloritic,  473,  486,  490.  491.  712. 

chloro-argillaceous,  714,  717. 

clay,  481,  542,  581,  650,  712,  715. 


Slates — (continued), 
hematite,  562. 
magnetic  mica,  541, 
micaceous  clay,  580. 
pyritiferous,  712. 
roofing,  335. 
sericite,  483. 
Slaty-schist,  chloritic,  700. 
ferruginous,  710. 
micaceous,  710. 
Slickensides,  360,  423.  427. 
Slough  of  Grundy,  407. 
Snake  River,  390.  421. 
Soils,  analysis  of,  91,  327. 

of  W.  Lake  Superior  dist.,  325. 
clay,  32'). 
humus,  8-6. 
loamy,  320. 
red  marly  clay,  325. 
sandy.  326. 
of  Upper  St.  Croix  dist.,  375. 
of  barrens,  375. 
of  prairies,  376,  377. 
of  townships,  377-379. 
Solar  compass,  ^l. 
Sorby,  619,  637,  6:38. 
Special  examination,  Penokee  iron  range 

W.  of  Gap,  257. 
Specimens,  alphabetical  index  to,  typical 
suite,  534. 
numerical  index  to,  Menominee  coll.. 
735. 
Specular  ores,  66S,  669, 670, 671, 672,  673, 

676,  677,  679,  681,  6S3,  €84. 
Spread  Eagle  Lake,  4 J2. 
Springs,  374. 
Spruce  swamps,  291,  377. 
Spurr-Michigamme  range,  517. 
St.  Croix  district,  upper,  364-42S. 
falls,  sub-district,  399,  415-421 
north,  sub-district,  399,  424-42S. 
St.  Croix  Falls,  380. 

drift  in  vicinity  of,  335. 
St.  Croix  mineral  springs,  374. 

analysis  of  water,  374. 
St.  Cl^ix  River,  7,  14,  15,  18,  19,  2^ 
80.  315,  323, 367,  363,  369, 370, 371, 
372-428. 
elevation  of  sourc?,  315. 
basin,  367-370. 
ajre  of,  370. 
origin  of,  370. 
St  Louis  River,  16, 17, 19,  23,  305,  319, 

3:i0,  388. 
Steamboat  Island,  73,  76,  208. 
Stockton*s  Island,  75. 
Stockton,  John,  57. 
Stratigraphical  order  of  Huronian  series, 

4:38. 
Streamless  area,  318. 
Strong,  Prof.,  19,  36, 37, 421. 
Stri»,  401,  412,  415,  422,  426. 
Strong,  Moses,  15,  24,  29,  41.  198,  305, 
349,  365,  366,  371,  377,  399,  416, 
424. 
collection,  41. 
Structural  planes,  noticed  in  bed  XIV, 
488. 
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Strnitz,  Geo.  R.,  309,  317,  338,  358. 
8tiu*^eoii  Falls,  455. 

nver  dist.,  432,  452. 
Snb-districts  of  St  Croix  district,  399. 
Snbdivisions,  ii-on  ore  rocks,  500. 
Snlphar  in  iron  ores,  67d. 

See,  also,  Analyses. 
Superficial  deposits,  4^. 

See,  also,  Dbift  and  Glacial. 
Superior  Lake,  see  Lake  Superiob. 
Snrface  features.  Upper  St.  Croix  dist., 
367.  377.  381. 
origrin  of,  371. 
W.  Lake  S.  dist.,  311. 
Survey,  U.  S.  government,  289,  292,432. 
•Swamps,  312,  'SIT. 
See  Marshes. 
Swedish  needle,  243. 
Sweet,  E.  T.,  15,  16,  17,  23,  29,  42,  55. 
58,  69.  196.  208,  303,  36j,  372,  384, 
3S6,  393,  397,  424,  464,  662,  588, 
590,  591. 
report  on  W.  Lake  Superior  district, 

30a-361. 
collection,  42. 
Swenson,  Alaicnus,  59. 
Syenite,  268,  523, 582.  620. 
pneiss,  582,  622,  702. 
nomblendic,  567. 
Synclinal,  316,  367-369, 483,  484.  724. 
of  North  Wisconsin,  18,  21,  167,  196. 
201. 


T. 

Table,  of  contents,  ix. 

collectors'  and   descriptive  nambers, 
Menominee  rocks,  718. 

equivalency  of  Huroniau  strata,  447- 
449. 

formations  Western  L.  Superior  dis- 
trict, 333. 

Menominee  strata,  447. 

timber  estimates,  Menominee  region, 
688. 
Talc.  604. 
Taleschi'st,  515.  566,  648. 

magnetic,  648. 
Talcose  schist,  529,  713. 

slates,  454. 
Talco-chloritic  schist,  711. 

slaty-schist,  712. 
Talcy  quartzose  schist,  695. 
Tamarac  swamp,  280,  372,  377. 
Tanbark,  328. 
Tate*s  Island,  75. 
Taylor's  Falls,  416,  418,  419. 
Terraces,  L.  Superior  dist.,  356. 
Terranovan,  657,  658,  660. 
Temperature,  324. 

of  L.  Superior,  317. 
Thickness  of  Unronian  rocks,  103,  445, 

447. 
Timber  of  barrens.  Upper  St.  Croix  dist., 
375,  377, 381. 

Menominee  region,  688,  689. 


Timber — (continued). 

of  W.  Lake  Superior  dist.,  327. 

of  Penokee  Range.  258,  259, 263,  264, 

266,  267,  268,  271,  272,  278,  279, 

280,  281,  284,  285,  286,  293. 
Time,  Post  Glacial,  375. 
Titanite,  610. 
Titanic  iron,  503.  610. 
Tobin,  James,  489. 
Topography,  of  E.  L.  Superior  dist,  60- 

91. 
W.  L.  Superior  dist.,  311,  315. 
Upper  St.  Croix  dist.,  367. 
glacial,  '^71. 
minor,  TtiK 
Tomebohm,  624.  &^. 

frequently  quoted  in  Mcy.  Brooks'  re- 
port, 534,  509. 
Totojcatig  district,  4Q1. 
river,  378,  H^6,  im. 
Totogatig-once,  404,  4^)3, 
Tourmaline,  601). 

in  clay  slatei*t  051-05^. 
Towns.  Rrtneres  East. 
T.  as,  R.  12,  TM. 
T.  33,  R.  14,  7;^;l. 
T.  3:3.  R.  13,  im. 
T.  3:3.  R.  15,  7:3:i. 
T.  33,  R.  16,  7;^. 
T.  35,  R.  17,  73:3. 
T.  3:3,  R.  20,  73:3. 
T.  34.  Rs.  1:3,  14,  15,  16, 17  and  IB, 

73:3. 
T.  35.  R.  19.  733. 
T.  36.  Rs.  19  and  20,  7:5:3,  T^i. 
T.  36,  R.  22,  hm,  599,  WL 
T.  37,  R.  17,  595,  614. 
T.  37,  R.  2(1,  7:3:3,  7^, 
T.  37,  R.  21.4^1 
T.  38,  R.  17,  474,  477, 
T.  :38,  R.  IV,  477. 
T.  38,  R.  19,  472,  474,  619,  626,  703, 

704,  717. 
T.  38,  R.  20,  409,  472,  584,  5S6,  597, 

632,  6:33.  (AU  64:3, 697,  7(10,  703, 704, 

7a5,  707,  7a^,7i  0,71  K 
T.  38,  R.  21 1  4.V>,  45:3,  455,  595,  629, 

630,  641,  717, 
T.  39,  R.  14.  720. 
T.  39,  R.  16,  bSl.  689.  721. 
T.  39,  R.  17,  44:3,  4-U  4HU  491,  530, 

577, 580,  l>^2,  5^n.  :.92,  590, 598,  ©32, 

634, 685,  {U\  (;i'1,  f;j5, 696, 6^19,  TOO. 

701,  702,  72 J,  72:1  724,  727, 729. 
T.  39,  R.  18.  4;32,  4^1,  4S7,  504,  5.S0, 

590,  617,  6H1,  6:34,   6:39,  640,    648, 

650,  694,  6%.  697,  696,  699,    701, 

710,  714,  715. 
T.  39,  R.  19,  440,  475,  645,  646,  U% 

654,  693,  697,  704,  711,  7l:i,  715, 

716. 
T.  40,  R.  16,  4:32,  685,  688,  724,  726, 

731. 
T.  40,  R.  17,  456,  481,  483,  -^6,  509, 

514,  522,  524,  525,  527,  578.  /^-8, 

596,  597,  (>J5,  6:39,  685,  688,  692, 

695,  698,  699,  101,  703,  712,  713, 

716,  726,  729,  730. 
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Towns.         Banffes  East  — (con.) 

T.  40,  R.  18,  456,  481,  489,  492,  518, 
581,  582.  585,  589,  590.  597,  641, 
650,  654,  679,  68:3,  697,  698,  702, 
703,  707,  708,  711,  712,  714,  715, 
716,  726,  730. 

T.  40,  R.  19,  497.  577,  636,  644,  648, 
696,  707.  709, 710,  711,  715. 
Ranges  West. 

T.  32,  R.  16,  §79. 

T.  32.  R.  17,  380. 

T.  32,  R.  18,  380. 

T.  33,  R.  16,  379. 

T.  33,  R.  17,  380. 

T.  33,  R.  18,  380. 

T.  33,  R.  19,  416,  422. 

T.  34,  R.  16,  379. 

T.  34,  R.  17,  380. 

T.  34,  R.  18,  380,  383,  416,  420,  422. 

T.  35,  R.  15,  379. 

T.  35,  R.  16,  380. 

T.  35,  R.  17,  380. 

T.  35,  R.  18,  380. 

T.  35,  R.  19,  38:3. 

T.  36,  R.  15,  379. 

T.  36.  R.  16,  380. 

T.  36.  R.  17,380,415. 

T.  36,  R.  18,  381,  383,  414. 

T.  37,  R.  11.  378. 

T.  37,  R.  12,  378. 

T.  37,  R.  13,  379. 

T.  37,  R.  14,  379. 

T.  37,  R.  15,  379.  412. 

T.  37,  R.  16,  380,  3S2,  413. 

T.  37,  R.  17,  380,  413. 

T.  37,  R.  18.  381. 

T.  37,  R.  19,  388. 

T.  37,  R.  20,  428. 

T.  38,  R.  11,  378. 

T.  38,  R.  12,  378. 

T.  38,  R.  13,  379,  388. 

T.  38,  R.  14,  379. 

T.  38,  R.  15,  379. 

T.  38,  R.  16,  380,  413. 

T.  38,  R.  17.  380. 

T.  38,  R.  18,  381. 

T.  38,  R.  19,  428. 

T.  39,  R.  11,  378. 

T.  39.  R.  12,  378. 

T.  39,  R.  13,  379. 

T.  39,  R.  14,  379. 

T.  39,  R.  15,  379. 

T.  39.  R.  16,  380. 

T.  39.  R.  17.  380. 

T.  39.  R.  18.  381. 

T.  39,  R.  19,  427. 

T.  40,  R-   5,  261. 

T.  40,  R.  11,  378. 

T.  40,  R.  12,  378. 

T.  40,  R.  13,  379. 

T.  40,  R.  14,  379. 

T.  40,  R.  15,  379. 

T.  40,  R.  16,  380. 

T.  40.  R.  17.  380. 

T.  40,  R.  18.  381. 

T.  41,  R.    8,  377. 

T.  41,  R.  9,  377. 

T.  41,  R.  10,  378. 


Towns. 

T.41, 
T.41, 
T.41, 
T.41, 
T.41, 
T.41. 
T.42. 
T.  42, 
T.42, 
T.  42, 
T.42, 
T.42, 
T.42, 
T.  42, 
T.  43, 
T.  4:3, 

400. 
T.  43, 
T.43, 
T.43, 
T.43, 
T.  43, 
T.43, 
T.43, 
T.  44, 

262, 

271, 
T.44, 
T.  44, 
T.44, 
T.44, 
T.44. 
T.44. 
T.44, 
T.44. 

425. 
T.44. 
T.44. 
T.45. 
T.  45, 
T.45, 
T.45. 
T.45, 
T.45. 
T.  45. 
T.46, 
T.46, 
T.  47, 
T.  47, 
T.  47, 
T.  47, 
T.  47, 
T.47, 
T.  47. 
T.  47, 
T.47, 
T.  47. 

359. 
T.48. 
T.48, 
T.48, 
T.48. 
T 
T. 
T, 
T. 


Kanffes  West— (con.) 
R.  11,  378,  402. 
R.  12,  378. 
R.  13,  379. 
R.  14,  379. 
R.  15.  379. 
R.  16,  380. 
R.    8.  377. 
R.    9.  378. 
R.  10.  378.  405 
R.  11,  378,  410 
R.  12,  379. 
R.  13,  379. 
R.  15,  425.  426. 
R.  16,  349. 
R.    6,399. 
R.   7,  295,  297,  298,  299,  300, 


R.  8,  377. 
R.  9,378, 
R.  10,  378, 
R.  11,  378, 
R.  12,  379. 
R.  13.  349. 
R.  14.  338. 
R.  3.253, 
263,  264, 
272,  596. 
R.  4,274. 
R.  5,248. 
R.  6,291. 
R.  8,377, 
R.  9,378, 
R.  10,  378. 
R.  11,  315, 
R.  13,  315, 


404. 

405. 

415. 

415. 

379,  424,  426. 

424,  425,  426,  427. 

254,  255,  257.  258, 

265,  266,  268,  269. 

285. 


402. 
382,  402. 

323.  378. 

339,  349,  382,  424, 


R.  14,  338. 

R.  15,  338. 

R.  8.  402. 

R.  9,  305,  317. 

R.  10.  315.  322. 

R.  11.  315,  322,  323. 

R.  12.  324. 

R.  1:3,  315. 

R.  10.  314.  322, 353. 

R.  13,  315. 

R.  15,  311,  340,  349. 

R.  3, 350. 

R.  5,  314. 

R.  7,  814. 

R.  8,  314,  317,  354. 

R.  9,  314. 

R.  10,  314.  322.  353,  356. 

R.  11,  312,  322,  348. 

R.  12.  312,  321,  347. 

R.  13,  314,  346,  359,  360. 

R.  14,  314,  320,  340,  343,  344, 


.48, 
.48. 
.48, 
.48, 


T.48, 


R.6.  305.  313.    ' 

R.  7.  31:3,  354. 

R.  9,  312,  313. 

R.  10,  313,  3-23,  348,  361. 

R.  11,  311,  314. 

R.  12.  311,  314,  321,  346,  347. 

R.  13, 314. 

R.  14,  314.  319. 

R.  15,  314. 
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Towns.         )^ii/?es  West  — (con.) 
T.  48,  R.  16,  814,  ^3-5. 
T.  48,  R.  17,  3:54,  336. 
T.  49,  R.  4,  313. 
T.  49,  R.  5,  313, 
T.  49,  R.  6,  313,  354. 
T.  49,  R.  8,  313. 
T.  49,  R.  9,  313,  323. 
^.  49,  R.  14,  313. 
r.  49,  R.  16,  3:3.5. 
T.  49,  R.  17,  319. 
T.  50,  R.  4,  313. 
T.  50,  R.  5,  313.  a54. 
T.  50,  R.  6,  312,  313,  349,  ^51. 
T.  50,  R.  7,  313,  348. 
T.  50,  R.  8,  313. 
Transitions  and  associations  of    Me- 
nominee rocks,  498. 
of  iron  ores,  diagram  of,  501. 
Trappean  rocks,  frequently  noted  in  re- 
port on  Upper  bt.  Croix  dist.,  365, 
428. 
Trapper's  Lake,  294. 
Traps,  391,  399-428.    All  Keweenawan 
igneous  rocks  are  commonly  called 
traps. 
These   are   mainlv   diabases,  gabbros, 
melaohyrs,  porphyries,  and  the  amyg- 
daloioial  varieties  of  these,  which  see. 
Travertine,  373,  398. 
Tremolite,  604. 
schist,  497. 

calcareous,  453. 
micaceous,  497. 
Trout,  373. 

Tschcrmak,  Prof.,  602,  605,  613. 
Tnfa,  374,  407. 
Toliuck,  S.  W.,  59. 
Tattle,  IL  A.,  490,  505,  679. 

H.  B.,  679. 
Twin  Falls,  444. 

section,  475. 
Two  Rivers,  388. 

Tyler's  Fork,  54,  55,  56,  65,  67,  83,  86, 
102,  107,  115,  129,  143,  149,   154, 
176,  179,  184,  185,  186,  187,  197. 
198,205. 
full  description  of,  86. 
Typical  rocks,  Huronian,  description  of, 
533-599. 
suite,  alphabetical  index,  534. 


Under^j^roond  mining,  673. 
University,  collection,  37. 

state,  58,  59, 143. 
Unstratified  glacial  deposits,  L.  Su- 
perior district.  252. 
Upper  Huronian,  Menominee  region,  441. 
Upper  St.  Croix  District,  geology  of, 
364. 

altitudes,  371,  372. 

Archaean  floor,  390,  391. 

Clam  Falls  sub-district,  412-415. 


Upper  St.  Croix  District— (coo.) 

detailed  descriptions  of  local  forma- 
tions, 399-428. 

drainage,  372-374. 

drift  deposits,  384,  389. 

drift  movements,  38*2,  383. 

general  descriptions  of  rock  forma- 
tions, 390-398. 

introduction,  365,  365. 

Keweenaw  or  Copper-bearing  series, 
391-395. 

lakes,  374-375. 

Lower  Magnesian  limestone.  397, 398, 

Nemakagon  sub-district,  399-401. 

N.  St.  Croix  sub-dibtrict,  424-42?^. 

post-glacial  erosion   and   deposition, 
387,388. 

Potsdam  sandstone,  395-397. 

soil  and  vegetation,  375-380. 

St.  Croix  Falls  sub-district,  415-423. 

topography,  367-371. 

Totogatag  sub-district,  401-412 
Uralite,  617. 
Uralltic  diabase,  31, 38. 

gabbro,  31,  38,  :^,  172,  173,  174,  181, 
182. 


Vanhise,  C.  R.,  59,  143. 
Vanderventer's  Creek,  71. 
Vaughn,  S.,  309,  353. 
Vegetation  and  soils,  89. 

by  townships,  St  Croix  region,  377. 
Veins,  359,  361,  362,  412,  414,  415,  423. 
Vermillion  Mine,  677. 
Vibrations  of  needle,  246. 
Viridite,  623  et  seq. 
Vogelsang,  619. 
Vulcan  Mine,  452, 461, 463. 669, 670,  eS7. 

New,  671. 


w. 

Wacke,  brown,  575. 

chloritic  diorite,  575. 
Wakefield,  Geo.  A.,  485. 
Wall,  Samuel,  398. 

''  Wani-bajn's  Blacksmith  Shop,*'  403. 
Wapler,  Herr,  478,  5^2. 
Warren,  O.K.,  370. 
Water  reservoirs,  372. 

of  Upper  St.  Croix  region,  373. 
West  Sweden,  Tp.,  380. 
Western  Lake  Superior  Dist^  Report 
on,  305. 

altitudes,  312-315. 

Champlain  deposits,  355,  856. 

climate,  324. 

copper  bearing  series,  836-340. 

dnmmge,  317. 

general  geological  stractore,  830-884. 
ow  and  where  to  search  for  copper 
deposits,  362. 
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Western  Lake  Superior  Dist.~(con.) 

Huronian  slates  of  St  Louis  R.,  334- 
336. 

introdnction,  305-309. 

Lake  Superior  sandstone,  350-352. 

lakes,  316. 

local  details.  340-350. 

moraines,  Kettle  range,  354-355. 

ore  deposits,  357-362. 

(]^uatemary  deposits,  352-354. 

rivers  and  creeks,  317-324. 

soils,  325-327. 

surface  features,  311. 

terraces,  356. 

timber,  327-330. 

topographical  relations,  315. 
Whalen^s  Dam,  404,  405. 
Whitehead,  Capt.,  463. 
White  River,  14,  55,  69,  83,  201, 202. 

full  description  of,  83. 
Wliitney,  J.  I).,  19.  20. 
Whittlesey.  C,  19,  22.  58.  84.  153,  154, 
205,  215.  307,  354,  452.  490.  679. 

synopsis  of  his  work.  215-223. 
Whittlesey's  Mount,  54,  65. 
Wichmann,  Dr.  A.,  4:30,  4)33.  454,  459, 
498.  499.  515.  518.  520,  521. 

frequently  quoted  in   Maj.    Brooks' 
Kept.,  431-599. 
Wichmann's    report    on    iron-b:armg 

rocks;  600-659. 
Wi^ht,  O.  W.,  56,  307. 
Willis  Camp,  262. 
Wilson's  Island,  74,  208. 
Winchell,  Alex.,  657. 
Windfall,  261. 


Winff,  Mr.,  309. 

Winthrop  Mine,  682. 

Wisconsin  Central  R.  R.,  54,  61,  63,  60, 

69.  77,  81,  85,  89,  91, 150, 192,  212, 
213. 

Wisconsin  Copper  Mining  and  Smelt- 
injEC  Co.,  360. 

Wisconsin  Mine,  357,  360. 

Wolf  Creek,  :386. 

Wood,  P.  B.,  58. 

Wright,  C.  E.,  56,  G6,  106,  118,  132,  im, 
137,  164,  165.  194.  200.  239.  240, 
399.  4:30,  4:i3,  443.  471.  476.  477, 
478.  485.  499,  505,  512.  521.  531, 
593,  666,  6S7. 
report  upon  Huronian  series  west  of 

Penokee  Gap,  24:3-3)1. 
lithology  of  Menominee  region,  690- 

717. 
western  and  southern  extension  Me- 
nominee range,  719-734. 


Yellow  river,  380.  38G. 

lake.  380. 
York  Island,  76. 


Zeolite  minerals,  437. 
Zircon,  609. 

Zirkel.  Dr..  433,  600.  601,  602,  609,  611, 
613,  619,  6-20.  621,  624,  638,  690. 
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